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UJ 



Jouv , 18, rue Saint-Denis, 75001 PARIS 



EP 0 560 613 A1 



The present invention relates to a series of new carbapenem derivatives which hav excellent antimicrobial 
activities and which, by virtue of their enhanced resistance to inactivation by dehydropeptidase I, have im- 
proved value in the therapy and prophylaxis of infectious diseases. The invention also provides methods of 
preparing these compounds, as well as methods and compositions using them. 
5 . The carbapenem compounds are a well known series of compounds, related to the penicillins, which have 
been used or have been proposed for use as antibiotics. They have in common a basic structure which may 
be represented by the formula (A): 



In this formula, we have indicated the numbering of those positions of importance to the carbapenem com- 
pounds, using the numbering scheme commonly used in the art and as employed in the nomenclature of the 

20 compounds of the present invention. In accordance with the recommendations of the International Union of 
Pure and Applied Chemistry (IUPAC), Commission on Nomenclature of Organic Chemistry, the compounds- 
referred to herein are named seml-systematicaily, using the above carbapenem structure as the parent name. 

Those carbapenem antibiotics having no substituent at the 1 -position are potentially a very useful series 
of compounds which have extraordinary potent antibacterial activity. Unfortunately, however, they are chem- 

25 icaily unstable and. moreover, are sensitive to dehydropeptidase I in vivo . Dehydropeptidase I is an enzyme 
which hydrolyses the 0-lactam ring in carbapenem antibiotics and which exists in mammalian tissue, for ex- 
ample in the renal cortex It is responsible for the extensive metabolisation of many otherwise valuable p-lac- 
tam antibiotics in animals, including humans, thus greatly reducing their value. Despite these disadvantages, 
these carbapenem antibiotics are finding increasing use in the treatment of bacterial infections. 

30 Metabolism of the antibiotic in vivo may be demonstrated by a low recovery of the compound itself (as 

opposed to its metabolic products) in the urine, and this has been demonstrated for thienamycin [H. Kropp et 
§[., Antimicrob. Agents, Chemother., 22, 62 (1982); and S. R. Norrby et al., ibid., 23, 300 (1983)]. 

Although it has been found that carbapenem compounds having a substituent at the 1 -position (commonly 
a 1-methyl group) do not have this susceptibility to dehydropeptidase I in vivo , many of the compounds of this 

35 type discovered to date lack sufficient activity. It is, therefore, considered highly desirable to find a carbapenem 
antibiotic which combines the good activity of thienamycin with a resistance to dehydropeptidase I in vivo. 

Many carbapenem compounds are now known. Some are described, for example, in European Patent Pub- 
lications No. 126 587, 333 175, 442 497, 443 883, 508 682 and 518 558. European Patent Publication No. 333 
175 discloses compounds in which a thto-pyrrolkJinyi group and its ring carbon atom substituent are linked by 

40 an alkyiene group, and thus differ from the compounds of the present invention in that there is no linking car- 
bonyl group. The compounds disclosed in European Patent Publication 126 587, on the other hand, are car- 
boxylic thio-pyrrolidinyl beta-lactam compounds. However, it is thought that the closest prior art to the com- 
pounds of the present invention is represented by European Patent Publications No. 508 682 and 518 558, 
both of which were published after the priority dates hereof. The present compounds have demonstrated sig- 

45 nif icantiy better activity than the other prior art compounds. 

Thus, the compounds of the present invention are those compounds of formula (I) and pharmaceuticaily 
acceptable salts and esters thereof: 
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in which: 

R 1 represents a hydrogen atom or a methyl group; 

R 2 represents a hydrogen atom, an unsubstituted alkyi group having from 1 to 6 carbon atoms, a substituted 
alkyl group which has from 1 to 6 carbon atoms and which is substituted by at least one of substttuents A, defined 
5 below, an aikenyl group having from 2 to 6 carbon atoms, an alkynyi group having from 2 to 6 carbon atoms, 
or, provided that Q does not contain a quaternary nitrogen atom, a group of formula -C{=NH)R 0 , 
where R° represents a hydrogen atom or an alkyi group having from 1 to 6 carbon atoms; 
R* represents a hydrogen atom, a negative ion or a carboxy-protecting group; and 

Q represents a group of formula (Q-l), (Q-ll), (Q-lll), (Q-IV), (Q-V), (Q-VI), (Q-VII), (Q-VIII), (Q-IX), (Q-X), (Q- 
10 XI), (Q-XII) and (Q-XIII): 



R 10 
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wherein: 

R4 represents a hydrogen atom, an unsubstituted alkyt group having from 1 to 6 carbon atoms, or a substituted 
40 alkyl group which has from 1 to 6 carbon atoms and which is substituted by at least one of substituents B, de- 
fined below; 

R 6 and R e are independently selected from the group consisting of unsubstituted alkyl groups having from 1 
to 6 carbon atoms, and substituted alkyl groups which have from 1 to 6 carbon atoms and which are substituted 
by at least one of substituents B, defined below; 
45 or 

R 4 and R* together represent a group of formula -(ChUm-, where m is 2 or 3; 

R 7 , R e and R 9 are independently selected from the group consisting of unsubstituted alkyl groups having from 
1 to 6 carbon atoms, and substituted alkyl groups which have from 1 to 6 carbon atoms and which are substituted 
by at least one of substituents B, defined below; 
so R"> represents a hydrogen atom, a carbamoyl group, an unsubstituted alkyl group having from 1 to 6 carbon 
atoms, or a substituted alkyl group which has from 1 to 6 carbon atoms and which is substituted by at least 
n of substituents B, defined below; 
or 

R 7 and R» together represent a group of formula -{CH^p-tWXrCCHj)^ , where £ is 0. 1 , 2 or 3, £ is 0, 1 , 2 r3, 
55 W represents an oxygen or sulphur atom and w Is 0 or 1 , provided that (£ ♦ £ + w) is an integer from 2 to 6; 
or 

R 7 and R" together represent a group of formula -(CH 2 ) p# -(Vv>» t -(CH2)^, where £' is 0, 1, 2 or 3, a' is 0, 1 . 2 
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or 3 V W represents an oxygen or sulphur atom and w* is 0 or 1 provided that (£ + <£ + v/) is at least one; 
n is 0 r 1; 

Z represents a group of formula (Z-l), (Z-ll), (Z-lll), (Z-IV). (Z-V). (Z-VI), (Z-VII) or (Z-VIII); 



(Z-0 (Z-II) X 



0 

R'2 



20 



25 



30 




(z-v) (z-vi) 



40 




(z-vn) (z-vni) 

45 

wherein: 

R 11 and R 12 are independently selected from the group consisting of unsubstituted alkyl groups having 
from 1 to 6 carbon atoms, and substituted alkyl groups which have from 1 to 6 carbon atoms and which are 
substituted by at least one of substituents B, defined below; and 
so R« ru and R« are independently selected from the group consisting of carbamoyl groups, unsubsti- 

tuted alkyl groups having from 1 to 6 carbon atoms, and substituted alkyl groups which have from 1 to 6 carbon 
atoms and which are substituted by at least ne of substituents B, defined below; 
m 1 is 0 or 1 and n 1 is 0, 1 or 2, provided that (m 1 ♦ n 1 ) is greater than 0; 

R 16 represents an unsubstituted alkyl group having from 1 to 6 carbon atoms, or a substituted alkyl group which 
55 has from 1 to 6 carbon atoms and which is substituted by at least one of substituents B, defined below; 

R 18 represents an unsubstituted alkyl group having from 1 to 6 carbon atoms, or a substituted alkyl group which 

has from 1 to 6 carbon atoms and which is substituted by at least one of substituents B, defined below; 

X represents a sulphur atom or a group of formula >NR ir , where R 17 represents an unsubstituted alkyl group 
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having from 1 to 6 carbon atoms or a substituted alkyl group which has from 1 to 6 carbon atoms and which is 
substituted by a single substituent selected from haJog n atoms, carbamoyl groups and hydroxy groups; 
n 2 ls1or2; 

R" represents an unsubstituted alkyl group having from 1 to 6 carbon atoms, or a substituted alkyl group which 
s has from 1 to 6 carbon atoms and which is substituted by at least one of substituents B, defined below; 
Y represents a group of formula 



10 -CH or -N 

I I 

R 20 , R 21 and R 22 are independently selected from hydrogen atoms and unsubstituted alkyl groups having from 
is 1 to 6 carbon atoms; 
or 

R» and R 21 or R 20 and R 22 together represent a group of formula -{CH 2 ).-(W) W( -(CH 2 ) r , where s is 0, 1, 2 or 
3, t is 0, 1 , 2 or 3, W represents an oxygen or sulphur atom and w* is 0 or 1; 

R 2 * and R 24 are Independently selected from hydrogen atoms, halogen atoms, unsubstituted alkyl groups hav- 
20 ing from 1 to 6 carbon atoms, substituted alkyl groups which have from 1 to 6 carbon atoms and which are 
substituted by at least one of substituents C ff defined below, hydroxy groups, carboxy groups, carbamoyl 
groups, amino groups, cyano groups and carbamoyioxy groups; 
n 3 is 1,2 or 3; 

R25 represents a hydrogen atom, an unsubstituted alkyl group having from 1 to 6 carbon atoms, a substituted 
25 alkyl group which has from 1 to 6 carbon atoms and which is substituted by at least one of substituents C, de- 
fined below, an aikenyi group having from 2 to 6 carbon atoms, or an alkynyt group having from 2 to 6 carbon 
atoms; 

R26 represents a hydrogen atom, a halogen atom, an unsubstituted alkyl group having from 1 to 6 carbon atoms, 
a substituted alkyl group which has from 1 to 6 carbon atoms and which is substituted by at least one of sub- 
30 stituents C, defined below, a hydroxy group, a carboxy group, a carbamoyl group, an amino group, a cyano 
group or a carbamoyioxy group; 
n* is 0.1 or 2; 
p^isOoM; 

R 27 represents a hydrogen atom or an unsubstituted alkyl group having from 1 to 6 carbon atoms; 
35 R28 and R 29 are independently selected from the group consisting of hydrogen atoms, unsubstituted alkyl 
groups having from 1 to 6 carbon atoms, and substituted alkyl groups which have from 1 to 6 carbon atoms 
and which are substituted by at least one of substituents C, defined below; 
p^is 1 or 2; 

R 30 represents a hydrogen atom, an unsubstituted alkyl group having from 1 to 6 carbon atoms, a substituted 
40 alkyl group which has from 1 to 6 carbon atoms and which is substituted by at least one of substituents D, de- 
fined below, an alkenyl group having from 2 to 6 carbon atoms, an alkynyt group having from 2 to 6 carbon 
atoms, or a group of formula -C^NHJR 33 , 

where R 33 represents a hydrogen atom, an unsubstituted alkyl group having from 1 to 6 carbon atoms, 
a substituted alkyl group which has from 1 to 6 carbon atoms and which is substituted by at least one of sub- 
45 stituents E, defined below, a cycJoaJkyl group having from 3 to 6 ring carbon atoms or a cycJoalkyialkyf group 
in which the cydoalkyi part has from 3 to 6 ring carbon atoms and the alkyl part has from 1 to 6 carbon atoms; 
R 31 represents a hydrogen atom, an unsubstituted alkyl group having from 1 to 6 carbon atoms, a substituted 
alkyl group which has from 1 to 6 carbon atoms and which is substituted by at least one of substituents F, defined 
below, an alkenyl group having from 2 to 6 carbon atoms, or an alkynyl group having from 2 to 6 carbon atoms; 
so R 32 represents a hydrogen atom, a halogen atom, an unsubstituted alkyl group having from 1 to 6 carbon atoms, 
a substituted alkyl group which has from 1 to 6 carbon atoms and which is substituted by at least one of sub- 
stituents F, defined below, a hydroxy group, a carboxy group, a carbamoyl group, an amino group, a cyano 
group or a carbamoyioxy group; 

R 34 represents a hydrogen atom or an unsubstituted alkyl group having from 1 to 6 carbon atoms; 
55 R3s represents a hydrogen atom, an unsubstituted alkyl group having from 1 to 6 carbon atoms, a substituted 
alkyl group which has from 1 to 6 carbon atoms and which is substituted by at least one of substituents G, de- 
fined below, an alkenyl group having from 2 to 6 carbon atoms, an alkynyl group having from 2 to 6 carbon 
atoms, or a group of formula -C(=NH)R 33 , where R 33 is as defined above; and 
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U represents an imidazotyt group, a triazolyl group or a tetrazolyi group; 

substituents A are selected from: hydroxy groups, car boxy groups, carbamoyl groups, carbamoyloxy groups, 
cyan groups, halogen atoms, oxygen atoms (to form an oxo group), alkoxy groups having from 1 to 6 carbon 
atoms, amino groups, alkyfamino groups having from 1 to 6 carbon atoms and dialkylamino groups in which 

5 each alkyl part has from 1 to 6 carbon atoms; 

substituents B are selected from: cyano groups, hydroxy groups, carboxy groups, sulpho groups, halogen 
atoms, alkoxy groups having from 1 to 6 carbon atoms, alkylthio groups having from 1 to 6 carbon atoms, al- 
kylsulphinyt groups having from 1 to 6 carbon atoms, alkyl sulphonyl groups having from 1 to 6 carbon atoms, 
alkanoytamino groups having from 1 to 6 carbon atoms, alkanoyfoxy groups having from 1 to 6 carbon atoms, 

10 aJkanoyl groups having from 1 to 6 carbon atoms, alkoxycarbonyi groups having from 2 to 7 carbon atoms, ur- 
eido groups, carbamoyl groups, alkylcarbamoyl groups having from 2 to 7 carbon atoms, dialkylcarbamoyl 
groups In which each alkyl part has from 1 to 6 carbon atoms, carbamoyloxy groups, alkyl carbamoyloxy groups 
having from 2 to 7 carbon atoms, dialkytcarbamoyloxy groups in which each alkyl part has from 1 to 6 carbon 
atoms, amino groups, aJkylamino groups having from 1 to 6 carbon atoms, dialkylamino groups in which each 

is alkyl part has from 1 to 6 carbon atoms, sulphamoyl groups, oxygen atoms (to form an oxo group) and cy- 
ctoalkyl groups having from 3 to 6 ring carbon atoms; 

substituents C are selected from: hydroxy groups, carboxy groups, carbamoyl groups, cyano groups, halogen 
atoms, alkoxy groups having from 1 to 6 carbon atoms and amino groups; 

substituents D are selected from: hydroxy groups, carboxy groups, carbamoyl groups, carbamoyloxy groups, 
20 cyano groups, sulphamoyl groups, ureido groups, sulpho groups, alkoxy groups having from 1 to 6 carbon 
atoms, alkoxycarbonyi groups having from 2 to 7 carbon atoms, aJkanoyl groups having from 1 to 6 carbon- 
atoms, alkanoylamino groups having from 1 to 6 carbon atoms, alkanoyloxy groups having from 1 to 6 carbon 
atoms, halogen atoms, amino groups, aJkylamino groups having from 1 to 6 carbon atoms, alkylthio groups 
having from 1 to 6 carbon atoms, alkylsulphinyl groups having from 1 to 6 carbon atoms, alkylsulphonyt groups 
25 having from 1 to 6 carbon atoms, dialkylamino groups in which each alkyl part has from 1 to 6 carbon atoms; 
alkylcarbamoyl groups having from 2 to 7 carbon atoms, dialkylcarbamoyl groups in which each alkyl part has 
from 1 to 6 carbon atoms, alkylcarbamoyloxy groups having from 2 to 7 carbon atoms and dialkytcarbamoyloxy 
groups in which each alkyl part has from 1 to 6 carbon atoms; 

substituents E are selected from: halogen atoms and alkoxy groups having from 1 to 6 carbon atoms; 
30 substituents F are selected from: hydroxy groups, carboxy groups, carbamoyl groups, halogen atoms, alkoxy 
groups having from 1 to 6 carbon atoms and amino groups; and 

substituents G are selected from: hydroxy groups, carboxy groups, carbamoyl groups, carbamoyloxy groups, 
cyano groups, halogen atoms, alkoxy groups having from 1 to 6 carbon atoms and amino groups. 

The present invention also provides a pharmaceutical composition comprising a pharmaceutical^ accept- 
35 able carrier, diluent or adjuvant in admixture with an effective amount of an antibiotic, wherein the antibiotic 
is selected from compounds of formula (I) and pharmaceutical^ acceptable salts and esters thereof. 

The present invention further provides the use of an antibiotic, wherein the antibiotic is selected from com- 
pounds of formula (I) and pharmaceutical^ acceptable salts and esters thereof, as a pharmaceutical. 

The present invention also provides processes for preparing these compounds, which are described in 
40 greater detail hereafter. 

The compounds of the present invention may contain an onium ion (i.e. the nitrogen atom of a quaternary 
ammonium group) in the groups of formula (Q-l), (Q-ll), (Q-IV), (Q-V) and (Q-VI). In this case. It is preferred 
that R* should represent a negative ion (i.e. there should be a group of formula -COO" at the carbapenem 3- 
position), to balance the positively charged onium ion. However, if R 3 represents, for example, an ester group, 
45 then it is necessary that the compound should contain a negative ion to balance the positive onium ion. Such 
a negative ion may be provided by the anionic part of any of the acids referred to hereafter. 

In the compounds of the present invention, where R 4 , R 5 , R«, R 7 , R», R», R*°, R«, R« R« R", R« R« 
R« R» t R», R21, R22 rm R* R» R» R» R» R» R31, r« R » RS4 or R 36 represents an alkyl group 
having from 1 to 6 carbon atoms, this may be a straight or branched chain group having from 1 to 6, preferably 
so from 1 to 4, carbon atoms, and examples include the methyl, ethyl, propyl, iso propyl, butyl, isobutyl, sec-butyl, 
t-butyt, pentyl, isopentyl, neopentyl, 2-methyibutyl, 1 -ethyl propyl, 4-methytpentyl, 3-methylpentyi, 2-methyl- 
pentyl, 1-methylpentyi, 3,3-dimethylbutyl, 2,2-dimethylbutyl, 1,1-dimethylbutyl, 1.2-dimethylbutyl, 1,3-dime- 
thyibutyl, 2,3-dtmethylbutyl, 2-ethylbutyl, hexyi and isohexyl groups. Of these, we prefer those alkyl groups 
having from 1 to 4 carbon atoms, preferably the methyl, ethyl, propyl, isopropyl, butyl, Isobutyl, sec-butyl and 
55 t-butyi groups, and most preferably the methyl and ethyl groups. 

Where R° or R 2 represents an alkyl group having from 1 to 6 carbon atoms, this may be a straight r branch- 
ed chain group having from 1 to 6, preferably from 1 to 4, carbon atoms, and examples include the methyl, 
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, t- butyl, pentyl, isopentyl, neopentyl, 2-methylbutyl, 1-ethyl- 
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propyl, 4-methylpenty1 t 3-fnethytpentyt, 2-methyipentyl, l-methylpentyl, 3,3-dimethylbutyJ, 2 t 2-dimethylbutyl f 
1,1-dimethyfbutyl, 1,2-dimethyibutyl, 1,3-dimethylbutyl, 2,3-dimethyibutyl, 2-ethylbutyl, hexyl and is hexyt 
groups. Of these, we prefer thos alkyi groups having from 1 to 3 carbon atoms, preferably the methyl, ethyl 
and propyl groups, and most preferably the methyl group. 

Where R 2 R 26 , R 30 , R 81 or R» represents an alkenyl group, this may be a straight or branched chain group 
having from 2 to 6, preferably 3 or 4, carbon atoms, and examples include the vinyl, allyl, 2-methylallyt, 1-pro- 
penyl, isopropenyl, 1-butenyl f 2-butenyl, 3-butenyl, 1-pentenyl, 2-pentenyl, 3-pentenyl, 4-pentenyl and 3-hex- 
enyt groups, of which the vinyl, allyl, 2-methylallyl, 1-propenyl, isopropenyl and butenyl groups are preferred, 
the allyl and 2-methylallyl groups being most preferred. 

Where R 2 R 26 , R 30 , R 31 or R* represents an alkynyl group, this may be a straight or branched chain group 
having from 2 to 6, preferably 3 or 4, carbon atoms, and examples include the ethynyl, propairgyl (2-propynyl), 
1-propynyl, 2-methylpropargyl, 1-butynyl, 2-butynyl, 3-butynyl, 1-pentynyl, 2-pentynyl, 3-pentyhyl, 4-pentynyi 
and 3-hexynyl groups, of which the propynyl and 2-methylpropargyl groups are preferred. 

Where R 33 represents a cycloalkyl group, this has from 3 to 6 ring carbon atoms, and may be a cyclopropyt, 
cydobutyl, cydopentyl or cydohexyl group, of which the cydopropyl, cydobutyl and cydopentyl groups are 
preferred. 

Where R 33 represents a cydoalkyl alkyi group, the cydoalkyl part has from 3 to 6 ring carbon atoms and 
the alkyi part has from 1 to 6 ring carbon atoms. Examples of the alkyi part, which may be a straight or branched 
chain group, are as given above In relation to R 4 etc, and examples of the cydoalkyl part are as given above 
in relation to R 33 Specific examples of such cydoalkylalkyl groups indude the cydopropyimethyl, 1- and 2- 
cydopropyflethyl, cydobutylmethyl, cydopentytmethyl, 3-cydo propyl propyl, 4-cydopentyf butyl, 5-cydopro~ 
pyfpentyl, 6-cydobutylhexyl, 2-cydopropylpropyl and 2-cydopropylbutyl groups, of which the cydopropyl me- 
thyl, cydopropylethyl, cydobutylmethyl and cydopentytmethyl groups are preferred. 

Where R 2 represents a substituted alkyi group, the alkyi part itself may be any of the alkyi groups exem- 
plified above in relation to the unsubstituted alkyi groups, and the substituents are selected from the group 
consisting of substituents A, for example: : v- - 

hydroxy groups, carboxy groups, carbamoyl groups, carbamoyioxy groups, cyano groups; 

halogen atoms, such as the fluorine, chlorine, bromine or iodine atoms, preferably the fluorine, chlorine 
or bromine atoms; 

oxygen atoms (to form an oxo group); 

alkoxy groups having from 1 to 6 carbon atoms, which may be straight or branched chain alkoxy groups, 
and examples Indude the methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, seobutoxy, t-butoxy, pern 
tyioxy, neopentyloxy, isopentyloxy and hexyloxygroups, of which we prefer those alkoxy groups having from 
1 to 3 carbon atoms, more preferably the methoxy, ethoxy or propoxy group; 

amino groups; 

alkyi amino groups having from 1 to 6 carbon atoms, in which the alkyi part may be as exemplified above 
in relation to R 2 etc, and examples indude the methyl amino, ethyfamino, propyl amino, isopropyiamino, buty- 
lamino, isobutylamino, seo-butylamino, t-butyi amino, pentyl amino, isopentylamino, neopentyi amino, and hex- 
yl ami no groups, of which we prefer the methytamino, ethyl amino and propylamine groups; and 

dialkyl amino groups In which each alkyi part has from 1 to 6 carbon atoms and may be as exemplified 
above In relation to R 2 etc; examples indude the dimethylamino, diethytamino, dipropylamino, diiso propyl a- 
mino, dibutylamino, dipentylamino, dihexyl amino, methylethylamino and methylpropylamino, of which we pre- 
fer the dimethylamino, diethytamino and dipropylamino groups. 

Where R«, R« R 3 , R* Rt, R« f Rio, R« t R « t r« ru r « R ie R is w R ie represents a substituted alkyi 
group, this has from 1 to 6 carbon atoms and may be any of the alkyi groups exemplified above In relation to 
the unsubstituted groups represented by these symbols. The substituents may be selected from the group con- 
sisting of substituents B, for example: 

cyano groups, hydroxy groups, carboxy groups, sulpho groups, ureido groups, carbamoyl groups, car- 
bamoyioxy groups, amino groups, sulphamoyl groups and oxygen atoms (to form an oxo group); 

halogen atoms, alkoxy groups, alkyi amino groups and dialkytamino groups, all as exemplified above in 
relation to substituents A; 

alkyithio groups having from 1 to 6 carbon atoms, in which the alkyi part may be as exemplified above 
in relation to R 2 etc., preferably th methytthio, ethylthl or propyithio groups; 

alkytsulphinyt groups having from 1 to 6 carbon atoms, in which th alkyi part may b as xemplif ied 
abov in relation to R 2 etc., preferably the methytsulphinyt, ethylsulphinyl or propyisulphinyl groups; 

alkyi sulphonyl groups having from 1 to 6 carbon atoms, in which th alkyi part may be as exemplified 
abov in relation to R 2 etc, preferably the methytsulphonyl, ethylsulphonyl or propylsulphonyi groups; 

alkanoytamino groups having from 1 to 6 carbon atoms, which may be a straight or branched chain group; 
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examples of such groups include the formamido, acetamido, propionamido, butyramido, isobutyramid , va- 
lerylamino, isovaleryl amino, pivaloylamino and hexan ylamino groups, of which the acetamido and propiona- 
mido groups are preferred; 

alkanoyloxy groups having from 1 to 6 carbon atoms, which may be a straight or branched chain group; 
examples of such groups include the formytoxy, acetoxy, propionytoxy, butyryloxy, ssobutyrytoxy, valeryloxy, 
isovaleryloxy, pivaloyloxy and hexanoytoxy groups, of which the acetoxy and propionytoxy groups are prefer- 
red; 

alkanoyl groups having from 1 to 6 carbon atoms, which may be a straight or branched chain group; ex- 
amples of such groups include the formyl, acetyl, propionyt, butyryi, isobutyryl, valeryl, isovaleryl, ph/aioyt and 
hexanoyl groups, of which the acetyl and propionyl groups are preferred; 

alkoxycarbonyl groups having from 2 to 7 carbon atoms, that is the alkoxy part has from 1 to 6 carbon 
atoms, and examples include the methoxycarbonyl, ethoxycarbonyl, pro poxy carbonyt, isopropoxycarbonyl, 
butoxycarbonyl, isobutoxycarbonyl, sec-butoxycarbonyl, t-butoxycarbonyf, pentyloxycarbonyl and hexyioxy- 
carbonyl groups; of these, we prefer those alkoxycarbonyl groups having from 1 to 3 carbon atoms, more pre- 
ferably the methoxycarbonyl, ethoxycarbonyl and propoxycarbonyl groups; 

a! kyl carbamoyl groups having from 2 to 7 carbon atoms, that is the aJkyt part has from 1 to 6 carbon 
atoms, and examples include the methylcarbamoyl, ethylcarbamoyi, propylcarbamoyl, isopropylcarbamoyl, 
butyl carbamoyl, Isobutyl carbamoyl, sec-butyl carbamoyl, t-butyl carbamoyl, pentyl carbamoyl, isopentyl carba- 
moyl, neo pent yl carbamoyl, and hexylcarbamoyl groups, of which we prefer the methylcarbamoyl, ethylcarba- 
moyi and propylcarbamoyl groups; 

dialkylcarbamoyl groups In which each alkyl part has from 1 to 6 carbon atoms; examples include the- 
dimethylcarbamoyl, diethylcarbamoyl, dipropylcarbamoyl, di isopropylcarbamoyl, dibutylcarbamoyl, dipentyi- 
carbamoyl, dihexylcarbamoyl, methylethylcarbamoyl and methyl propyl carbamoyl groups, of which we prefer 
the dimethylcarbamoyl, diethylcarbamoyl and dipropylcarbamoyl groups; 

alkylcarbamoyloxy groups having from 2 to 7 carbon atoms, that is the alkyl part has from 1 to 6 carbon 
atoms, and examples include the methyl carbamoyl oxy, ethylcarbamoytoxy, propytcarbamoyloxy, isopropyicar- 
bamoyloxy, butyfcarbamoyloxy, isobutylcarbamoyloxy, sec-butyl carbamoyloxy, t-butylcarbamoyioxy, pentyl- 
carbamoytoxy, isopentylcarbamoyloxy, neopentylcarbamoyloxy, and hexylcarbamoyloxy groups, of which we 
prefer the methylcarbamoyl oxy, ethyl carbamoyloxy and propytcarbamoyloxy groups; and 

dial kyl carbamoyloxy groups in which each alkyl part has from 1 to 6 carbon atoms; examples include 
the dimethylcarbamoyloxy, diethytcarbamoyioxy, dipropylcarbamoyloxy, diisopropyl carbamoyl oxy, dibutylcar- 
bamoyloxy, dipentyl carbamoyloxy, dihexylcarbamoyl oxy, methylethylcarbamoytoxy and methyl propyl carba- 
moyloxy groups, of which we prefer the dimethylcarbamoyloxy, diethyicarbamoyloxy and dipropylcarbamoy- 
loxy groups. 

In the case of substituents C, D, E, F and G, examples of the groups and atoms which may be included 
in these are as given in relation to the equivalent groups and atoms of substituents B. 

Where R* represents a carboxy-protecting group, this is preferably a group capable of forming an ester 
with a carboxyiic acid. Examples of ester groups include: 

alkyl groups having from 1 to 20 carbon atoms, more preferably from 1 to 6 carbon atoms, such as those 
exemplified in relation to substituents R 4 and higher alkyl groups as are well known in the art such as the hep- 
tyl, octyl, nonyl, decyi, dodecyl, tridecyi, pentadecyl, octadecyl, nonadecyl and icosyt groups, but preferably 
groups having from 1 to 4 carbon atoms and most preferably the methyl, ethyl and t-butyl groups; 

cydoalkyl groups having from 3 to 7 carbon atoms, for example the cyclopropyl, cydobutyl, cyclopentyl, 
cydohexyl and cycloheptyt groups; 

aralkyl groups, in which the alkyl part has from 1 to 3 carbon atoms and the aryl part is a carbocydic 
aromatic group having from 6 to 14 carbon atoms, which may be substituted or unsubstituted and, if substituted, 
has at least one of substituents H defined and exemplified below, although the unsubstituted groups are pre- 
ferred; examples of such aralkyl groups indude the benzyl, phenethyl, 1-phenylethyt, 3-phenylpropyi, 2-phe- 
nylpropyl, 1-naphthyimethyl, 2-naphthylmethyl, 2-(1-naphthyl)ethyl, 2-<2-naphthyl)ethyl. benzhydryl (i.e. di- 
phenylmethyl), triphenylmethyl, bis(o-nitrophenyl)methyl f 9-anthrylmethyl, 2.4,6-trimethylbenzyl, 4-bromo- 
benzyl, 2-nitrobenzyi, 4-nitro benzyl, 3-nitro benzyl, 4-methoxybenzyl and piperonyi groups, of which the benzyl, 
benzhydryl, 4-nitro benzyl and 2-nrtrobenzyt groups are preferred; 

alkenyl groups having from 2 to 6 carbon atoms, and halogenated atkenyt groups having from 2 to 6 
carbon atoms, such as the the vinyl, allyt. 2-methylallyl, 2-chloroallyl, 1-propenyl, is propenyl, 1-butenyl, 2- 
butenyl, 3-butenyl, 1-pentenyl, 2-pentenyl, 3-pentenyl, 4-pentenyl, 1-hexenyl, 2-hexenyl, 3-hexenyl, 4-hexenyl 
and 5-hexenyl groups, of which the vinyl, ally!, 2-methytaOyl, 1-propenyl, isopropenyl and butenyl groups are 
preferred, the allyl, 2-chloroallyl and 2-methylaltyl groups being most preferred. 

halogenated alkyl groups having from 1 to 6, preferably from 1 to 4, carbon atoms, in which the alkyl 
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part is as defined and exemplified in relation to the alkyl groups abov , and th halogen atom is chl rine, flu- 
orine, bromine or iodine (preferably chlorine or bromine), such as the 2,2,2-trichloroethyl, 2-haloethyl (e.g. 2- 
chloroethyl, 2-fluoroethyi, 2-bromoethyl or 2-kxfoethyt), 2,2-dibromoethyl and 2,2,2-tribromoethyl groups, pre- 
ferably the 2,2,2-trichloroethyl, 2,2-dibromoethyl and 2.2,2-tribromoethyl groups; 

substituted silylalkyl groups, in which the alkyt part is as defined and exemplified above, and the silyl 
group has up to 3 substituents selected from alkyl groups having from 1 to 6 carbon atoms and phenyl groups 
which are unsubstituted or have at least one substituent selected from substituents H defined and exemplified 
below, for example a 2-trimethylsilyiethyl group; 

phenyl groups, in which the phenyl group is unsubstituted or substituted, preferably with at least one 
alkyl group having from 1 to 4 carbon atoms or acyiamino group, for example the phenyl, tolyl and benzami- 
dophenyl groups; ... 

phenacyl groups, which may be unsubstituted or have at least one of substituents H defined and exem- 
plified below, for example the phenacyl group itself or the g-bromophenacyl group; 

cyclic and acyclic terpenyl groups, for example the geranyl, neryl, linaJyf , phytyl, menthyl (especially m- 
and menthyl), thujyl, caryl, pinanyi, bornyl, notcaryl, norpinanyl, norbornyi, menthenyl, camphenyl and nor- 
bornenyl groups; 

alkoxymethyl groups, in which the aikoxy part has from 1 to 6, preferably from 1 to 4, carbon atoms and 
may itself be substituted by a single unsubstituted aikoxy group, such as the methoxymethyfl, ethoxymethyl, 
propoxymethyi, isopropoxymethyl, butoxymethyl and methoxyethoxymethyl groups; 

aliphatic acytoxyalkyl groups, in which the acyl group is preferably an alkanoyl group and is more pre- 
ferably an alkanoyl group having from 2 to 6 carbon atoms, and the alkyl part has from 1 to 6, and preferably 
from 1 to 4, carbon atoms such as the acetoxymethyl, propionyloxymethyt, butyryioxymethyt, isobutyrytoxy- 
methyt, pivaloyloxymethyl, 1-pivaloyloxyethyl, 1-acetoxyethyt, 1 -isobutyryf oxyethyl, 1-pivaloytoxypropyl, 2- 
methyf-1-pivaloyloxypropyl, 2-pivaloyloxypropyl f 1-isobutyryloxyethyl, 1-isobutyryloxypropyl, 1-acetoxypro- 
pyt, 1 -acetoxy-2-met hyl propyl , 1-propionyloxyethyt, 1-propk>ny1oxypropyf, 2-acetoxypropyl and 1-butyrylox- 
yethyl groups, preferably a pivaloyloxymethyl, isobutyryioxymethyl, 1-isobutyryloxyethyl, acetoxymethyl or 
1-acetoxyethyl group; 

cydoalkyl-substituted aliphatic acyfoxyaJkyl groups, in which the acyl group is preferably an alkanoyl 
group and is more preferably an alkanoyl group having from 2 to 6 carbon atoms, the cydoalkyl substituent 
has from 3 to 7 carbon atoms, and the alkyl part has from 1 to 6, preferably from 1 to 4, carbon atoms, such 
as the (cyclohexylacetoxy)methyl, 1-(cydohexytacetoxy)ethyl, l-(cydohexyiacetoxy) propyl, 2-methyM-(cy- 
ciohexytacetoxy)propyl, (cyclopentyiacetoxy)methyt, 1-(cydopentylacetoxy)ethy1, 1-(cydopentyiacetoxy) pro- 
pyl and 2-methyl-1-(cydopentytacetoxy)propyl, groups; 

alkoxycarbonyloxyalkyf groups, especially 1-(alkoxycarbonyloxy)ethyf groups, in which the aikoxy part 
has from 1 to 10, preferably from 1 to 6, and more preferably from 1 to 4, carbon atoms, and the alkyl part has 
from 1 to 6, preferably from 1 to 4, carbon atoms, such as the t-butDxycarbonyloxyethyl, 1-methoxycarbony- 
loxyethyi, 1-ethoxycarbonyloxyethyl, 1-propoxycarbonyloxyethyi, 1-isopropoxycarbonyf oxyethyl, 1-butoxy- 
carbonyloxyethyl, 1-isobutoxycarbonyioxyethyi, 1-sec-butoxycarbonyloxyethyi, 1-t-butaxycarbonyloxyethyl, 
1-(1 -ethyl propoxycarbonyloxy)ethy1 and 1-(1,1-dipropylbutoxycarbon^oxy)ethyl groups, and other alkoxycar- 
bonylalkyl groups, in which both the aikoxy and alkyl groups have from 1 to 6, preferably from 1 to 4, carbon 
atoms, such as the 2-methyM-(isopropoxycarbonyloxy)propyl, 2-(isopropoxycarbony1axy)propy1, isopropox- 
ycarbonyloxymethyl, t-butoxycarbonyloxymethyl, methoxycarbonyloxymethyl and ethoxycarbonyloxymethyl 
groups; of these, the t-butoxycarbonyloxyethyl, 1 -met h oxycarbonyloxyet hyl , 1-ethoxycarbonyloxyethyl, 1-iso- 
propoxycarbonyloxyethyl and 1 -t-butoxycarbonyloxyethyl groups are preferred; 

cydoalkyl carbonyloxyalkyl and cydoalkyl oxycarbonyloxyalkyl groups, In which the cydoalkyl group has 
from 3 to 10, preferably from 3 to 7, carbon atoms, is mono- or poly- cydic and is optionally substituted by at 
least one (and preferably only one) alkyl group having from 1 to 4 carbon atoms (e.g. selected from those alkyl 
groups exemplified above) and the alkyl part has from 1 to 6, more preferably from 1 to 4, carbon atoms (e.g. 
selected from those alkyl groups exemplified above) and is most preferably methyl, ethyl or propyl, for example 
the 1-methylcydohexylcarbonylQxymethyl, 1-methytcydohexyloxycarbonyloxymethyl, cydopentyloxycarbo- 
nyloxymethyl, cydopentylcarbonyloxymethyl, 1-cydohexyloxycarbonyloxyethyl, 1-cydohexyfcarbonyloxye- 
thyl, 1-cydopentylaxycarbonyloxyethyl, 1-cydopentylcarbonyloxyethyl v 1-cydoheptyloxycarbonyloxyethyl, 1- 
cydoheptylcarbonytoxyethyl, 1-methyl cydopentylcarbonyloxymethyl, 1-methyicydopentyloxycarbonyloxy- 
methyl, 2-tn thyl-1-(1-methylcydohexylcarbonyloxy)propyl, 1-(1-methylcydohexylcarbonyloxy)propyl, 2-(1- 
methytcydohexylcarbonytaxy)propyi, 1-(cydohexy1carbonyioxy)propyi, 2-(cydohexy1- carbonyloxy)propyt, 2- 
methyl-1-<1-methy1cydopentylc»rbonyloxy)propyl, 1-(1-methylcydopentylcarbonytoxy)propyl f 2-(1-methy1cy- 
dopentylcarbonyloxyjpropyl, 1-{cydopenty1 carbon yloxy) propyl, 2-{cydopentylcart>onytoxy)propy1 t 1-(1-me- 
thylcyclopentytcaibony1oxy)ethyl, 1 -(1 -met hylcydope ntylcarbo nyloxy) propyl, adamantyioxycarbonyloxyme- 
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thyi, adamant yl carbon yloxym ethyl, 1-adamantyloxycarbonyloxyethyJ and 1-adamantyicart>onyloxyethy1 
groups, preferably the 1-cyclohexylcarbonyfoxyethyt or 1-cycl pentylcarbonyloxyethyl group; 

cydoalkyl alkoxycarbonyloxyaikyl groups in which the alkoxy group has a single cydoalkyl substituent, 
the cydoalkyl substituent having from 3 to 10, preferably from 3 to 7, carbon atoms and mono- or poly- cydic, 
for example the cydopropylmethoxycarbonytoxymethyl, cydobutytmethoxycarbonyloxymethyl, cydopentyl- 
methoxycaibonyloxymethyl, cydohexylmethoxycarbonytoxymethyl, 1-(cydopropytmethoxycarbonyloxy)et- 
hyt. 1-(cydobuty1methoxycarbonyloxy)ethyl, 1-(cydopentylmethoxycarfoonylQxy)ethyl and 1-(cydohexylme- 
thoxycarbonyloxyjethyl groups; 

terpenylcarbonyloxyalkyl and terpenytoxycarbonytoxyalkyt groups, in which the terpenyl group is as ex- 
emplified above, and is preferably a cydic terpenyl group, for example the 1-(menthy1oxycarbonyloxy)ethyl, 
1-(menthytcartx>nyloxy)ethyl f menthyloxycarbonyloxymethyl, menthylcarbonyloxymethyl, 1-(3-pinanyloxy- 
carbonyfoxy)ethyi, 1-(3-pinanyicartony1oxy)ethyl, 3-plnanytoxycarbonyloxymethyt and 3-pinanylcarbonytoxy- 
methyt groups; 

5-aJkyi or 5-phenyl [which may be substituted by at least one of substituents C, defined and exemplified 
above] (2-oxo-1 ,3-dtoxolerv 4-yl)aIkyl groups in which each alkyt group (which may be the same or different) 
has from 1 to 6, preferably from 1 to 4, carbon atoms, for example the (5-methyt-2-oxo-1 ,3-dioxolen-4-yl)me- 
thyl, (5-phenyt-2-oxo-1 9 3-dioxolen-4-yl)methyl, (5-isopropyl-2-oxo-1,3-dioxolen-4-yl)methyl, (5-t-butyl-2-oxo- 
1,3-dioxolen-4-yl)methy1 and 1-(5-methyl-2-Qxo-1,3-dk>xolen-4-yt)ethyl groups; and 

other groups, espedally groups which are easily removed in vivo such as the phthalidyl, indanyi and 2- 
oxo-4,5,6 t 7-tetrahydro-1 ,3-benzodioxden-4-yl groups. 

Substituents H are selected from hydroxy groups, carboxy groups, carbamoyl groups, cyano groups, ha-, 
logen atoms, nitro groups, amino groups, alkyl groups having from 1 to 6 carbon atoms and alkoxy groups hav- 
ing from 1 to 6 carbon atoms. 

When substituent H represents an alkyl group having from 1 to 6 carbon atoms, this may be as exemplified 
above in relation to the unsubstituted alkyl groups. 

When substituent H represents an alkoxy group having from 1 to 6 carbon atoms, this may be any such 
group as exemplified In relation to substituents A, hereinabove. 

Of the above groups, we especially prefer those groups which can be removed easily in vivo, and most 
preferably the aliphatic acyloxyalkyl groups (espedally the pivaJoyioxymethyi group), alkoxycarbonyfoxyalkyl 
groups (especially the 1-isopropoxycarbonyloxyethyl group), cydoalkyl carbonyloxyalkyl groups (espedally 
the 1 -met hylcydohexytcarbonyJoxymet hyi and 1-cydohexyicarbonyloxyethyl groups), phthalidyl groups and 
(5-substituted 2-oxo-1,3-dk»cden-4-yt)methyl groups [espedally the (5-methyl-2-oxo-1,3-dioxolen-4-yl)me* 
thyl] group]. 

In general, in the compounds of the present invention, R 1 may represent a hydrogen atom or a methyl 
group, preferably a methyl group. 

The compounds of the present invention can form salts. Examples of such salts indude: salts with an alkali 
metal, such as sodium, potassium or lithium; salts with an alkaline earth metal, such as barium or caldum; 
salts with another metal, such as magnesium or aluminium; ammonium salts; organic base salts, such as a 
salt with triethyl amine, diisopropylamine, cydohexylamine ordicyciohexytamine; and salts with a basic amino 
add, such as lysine or arginine. Also, where the compound of the present invention contains a basic group in 
its molecule, it can form acid addition salts. Examples of such acid addition salts indude: salts with mineral 
adds, especially hydrohalic adds (such as hydrofluoric add, hydrobromic acid, hydroiodic add or hydrochloric 
add), nitric acid, carbonic add, sulphuric add or phosphoric add; salts with lower alkyisulphonic adds, such 
as methanesulphonlc acid, trifluoromethane- sulphonic acid or ethanesulphonic add; salts with arytsulphonic 
adds, such as benzenesulphonic add or g-tduenesu) phonic add; salts with organic carboxytic adds, such as 
acetic add, fumaric acid, tartaric add, oxalic add, malete add, malic add, succinic add, benzoic add, mandelic 
add, ascorbic acid, lactic add, gluconic add or citric acid; and salts with amino acids, such as glutamic acid 
or aspartic add. 

The compounds of the present invention necessarily contain at least one and possibly several asymmetric 
carbon atoms in their molecules, and can thus form optical isomers. Although these are all represented herein 
by a single molecular formula, the present Invention includes both the individual, isolated isomers and mixtures, 
induding racemates thereof. Where stereospectfic synthesis techniques are empl yed or optically activ com- 
pounds are employed as starting materials, individual isomers may be prepared directly; on the other hand, if 
a mixture of isomers is prepared, the individual isomers may be obtained by conventional resolution techniqu s. 
The isomers preferably indude compounds wherein R 1 represents a methyl group and the 1 -position is f the 
R-conf fguration; compounds in which the 5- and 6-posffions are of the (5S,6S) configuration, which is the same 
configuration as that of thienamydn; and the a-position having the hydroxy group of the 6- position substituent 
is of the R-conf iguration. 
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Of the compounds of the present invention, a preferred class f compounds are those compound of for- 
mula (I) and pharmaceutical^ acceptabi salts and esters thereof, in which: 
R 1 represents a hydrogen atom or a methyl group; 

R 2 represents a hydrogen atom, an unsubstituted alkyf group having from 1 to 3 carbon atoms, a substituted 
s ajkyi group which has from 1 to 3 carbon atoms and which is substituted by at least one of substituents A 1 , 

defined below, an aJkenyl group having 3 or 4 carbon atoms, an alkynyl group having 3 or 4 carbon atoms, or, 

provided that Q does not contain a quaternary nitrogen atom, a group of formula -C(=NH)R°, 
where R° represents a hydrogen atom or an alkyf group having from 1 to 3 carbon atoms; 

R 3 represents a hydrogen atom or a negative ion; and 
10 Q represents a group of formula (Q-l), (Q-ll), (Q-NI), (Q-IV), (Q-V), (Q-VI), (Q-VII), (Q-VIII). (Q-IX), (Q-X), (Q- 

XI), (Q-XII) and (Q-XIII), defined above, wherein: 

R 4 represents a hydrogen atom, an unsubstituted alkyl group having from 1 to 3 carbon atoms, or a substituted 
aJkyI group which has from 1 to 3 carbon atoms and which is substituted by at least one of substituents B 1 , 
defined below; 

is R 5 and R* are independently selected from the group consisting of unsubstituted alkyl groups having from 1 
to 3 carbon atoms, and substituted alkyl groups which have from 1 to 3 carbon atoms and which are substituted 
by at least one of substituents B 1 , defined below; 
or 

R4 and R s together represent a group of formula -(CH2) m -, where m is 2 or 3; 
20 R 7 , R 8 and R? are independently selected from the group consisting of unsubstituted alkyl groups having from 
1 to 3 carbon atoms, and substituted alkyl groups which have from 1 to 3 carbon atoms and which are substituted- 
by at feast one of substituents B 1 , defined below; 

Rio represents a hydrogen atom, a carbamoyl group, an unsubstituted alkyl group having from 1 to 3 carbon 
atoms, or a substituted alkyl group which has from 1 to 3 carbon atoms and which is substituted by at least 
25 one of substituents B 1 , defined below; 
or 

R 7 and R 8 together represent a group of formula -(CH 2 ) p -(W) wr (CH 2 ) q -, where p. is 0, 1 , 2 or 3, g is 0, 1 , 2 or 3, 
W represents an oxygen or sulphur atom and w is 0 or 1 , provided that (£ + g + w) is an integer from 2 to 6; 
or 

30 R 7 and R 10 together represent a group of formula KC^pKW)*- (CH^. 1 where g' is 0, 1 , 2 or 3, g' is 0, 1 , 2 
or 3, W represents an oxygen or sulphur atom and w* is 0 or 1 ; 
nisOoM; 

Z represents a group of formula (Z-l), (Z-II),(Z-IH), (Z-IV), (Z-V), (Z-Vl), (Z-VII)or(Z-VIII), defined above, where- 

in: 

35 Rn and R 12 are independently selected from the group consisting of unsubstituted alkyl groups having 

from 1 to 3 carbon atoms, and substituted alkyl groups which have from 1 to 3 carbon atoms and which are 
substituted by at least one of substituents B\ defined below; and 

R 13 . R 14 and R 1S are independently selected from the group consisting of carbamoyl groups, unsubsti- 
tuted alkyl groups having from 1 to 3 carbon atoms, and substituted alkyl groups which have from 1 to 3 carbon 

40 atoms and which are substituted by at least one of substituents B 1 , defined below; 
m 1 is 0 or 1 and n 1 is 0, 1 or 2, provided that (m 1 + n 1 ) is greater than 0; 

R 16 represents an unsubstituted alkyl group having from 1 to 3 carbon atoms, or a substituted alkyf group which 
has from 1 to 3 carbon atoms and which is substituted by at least one of substituents B 1 , defined below; 
Ris represents an unsubstituted alkyl group having from 1 to 3 carbon atoms, or a substituted alkyl group which 
45 has from 1 to 3 carbon atoms and which is substituted by at least one of substituents B\ defined below; 

X represents a sulphur atom or a group of formula >NR 17 where R 17 represents an unsubstituted alkyl group 
having from 1 to 3 carbon atoms or a substituted alkyl group which has from 1 to 3 carbon atoms and which is 
substituted by at least one of carbamoyl groups and hydroxy groups; 
n 2 is 1 or 2; 

so ri» represents an unsubstituted alkyl group having from 1 to 3 carbon atoms or a substituted alkyl group which 
has from 1 to 3 carbon atoms and which is substituted by at least one of carbamoyl groups and hydroxy groups; 
Y represents a group of formula 



55 
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R 20 , R 21 and R 22 are Independently selected from the group consisting of hydrogen atoms and unsubstituted 
alkyl groups having from 1 to 3 carbon atoms; 
or 

R 20 and R 21 or R» and R 22 together represent a group of formula -(CH^.-fW^CH^, where s Is 1 or 2, t is 
5 1 or 2, W represents an oxygen or sulphur atom and w* is 0 or 1, provided that (s + w[ + t) is 2, 3 or 4; 

R 23 and R 24 are independently selected from the group consisting of hydrogen atoms, halogen atoms, unsub- 
stituted alkyl groups having from 1 to 3 carbon atoms, substituted alkyl groups which have from 1 to 3 carbon 
atoms and which are substituted by at least one of substituents C 1 defined below, hydroxy groups, carboxy 
groups, carbamoyl groups, amino groups, cyano groups and carbamoyl oxy groups; 
10 n 3 is 1,2 or 3; 

R2s represents a hydrogen atom, an unsubstituted alkyl group having from 1 to 3 carbon atoms, a substituted 
alkyl group which has from 1 to 3 carbon atoms and which is substituted by at least one of substituents C 1 , 
defined below, an alkenyl group having 3 or 4 carbon atoms, or an alkynyi group having 3 or 4 carbon atoms; 
R 2 * represents a hydrogen atom, a halogen atom, an unsubstituted alkyl group having from 1 to 3 carbon atoms, 
is a substituted alkyl group which has from 1 to 3 carbon atoms and which is substituted by at least one of sub- 
stituents C\ defined below, a hydroxy group, a carboxy group, a carbamoyl group, an amino group, a cyano 
group or a carbamoyloxy group; 
n*ls0, 1or2; 
p^isOoM; 

20 R 27 represents a hydrogen atom or an unsubstituted alkyl group having from 1 to 3 carbon atoms; 

R 28 and R 29 are independently selected from the group consisting of hydrogen atoms, unsubstituted, alkyt 
groups having from 1 to 3 carbon atoms, and substituted alkyl groups which have from 1 to 3 carbon atoms 
and which are substituted by at least one of substituents C\ defined below; 
p^isl or 2; 

25 R3o represents a hydrogen atom, an unsubstituted alkyl group having from 1 to 3 carbon atoms, a substituted 
alkyl group which has from 1 to 3 carbon atoms and which is substituted by at least one of substituents D\ 
defined below, an alkenyl group having 3 or 4 carbon atoms, an alkynyi group having 3 or 4 carbon atoms, or 
a group of formula -C(=NH)R M , 

where R 33 represents a hydrogen atom, an unsubstituted alkyl group having from 1 to 3 carbon atoms, 

so a substituted alkyl group which has from 1 to 3 carbon atoms and which is substituted by at least one of halogen 
atoms and alkoxy groups having from 1 to 3 carbon atoms, a cycioalkyt group having from 3 to 6 ring carbon 
atoms or a cydoalkylaikyJ group in which the cydoalkyl part has from 3 to 6 ring carbon atoms and the alkyl 
part has 1 or 2 carbon atoms; 

R31 represents a hydrogen atom, an unsubstituted alkyl group having from 1 to 3 carbon atoms, a substituted 
35 alkyl group which has from 1 to 3 carbon atoms and which is substituted by at least one of substituents F 1 , 
defined below, an alkenyl group having 3 or 4 carbon atoms, or an alkynyi group having 3 or 4 carbon atoms; 
R 32 represents a hydrogen atom, a halogen atom or an unsubstituted alkyl group having from 1 to 3 carbon 
atoms; 

R 34 represents a hydrogen atom or an unsubstituted alkyl group having from 1 to 3 carbon atoms; 
40 R35 represents a hydrogen atom, an unsubstituted alkyl group having from 1 to 3 carbon atoms, a substituted 

alkyl group which has from 1 to 3 carbon atoms and which is substituted by at least one of substituents G 1 , 

defined below, an alkenyl group having 3 or 4 carbon atoms, an alkynyi group having 3 or 4 carbon atoms, or 

a group of formula -C(=NH)R», where R 33 Is as defined above; and 

U represents an imidazolyi group, a triazolyi group or a tetrazolyl group; 
45 substituents A 1 are selected from: hydroxy groups, carboxy groups, carbamoyl groups, carbamoyloxy groups, 

cyano groups, halogen atoms and amino groups; 

substituents B 1 are selected from: cyano groups, hydroxy groups, carboxy groups, halogen atoms, alkoxy 
groups having from 1 to 3 carbon atoms, alkytthto groups having from 1 to 3 carbon atoms, atkytsulphinyl groups 
having from 1 to 3 carbon atoms, alkylsulphonyl groups having from 1 to 3 carbon atoms, alkanoylamino groups 

so having from 1 to 5 carbon atoms, alkanoyioxy groups having from 1 to 5 carbon atoms, alkanoyi groups having 
from 1 to 5 carbon atoms, alkoxy carbonyf groups having from 2 to 5 carbon atoms, ureido groups, carbamoyl 
groups, aikyicarbamoyl groups having from 2 to 5 carbon atoms, diaikytcarbamoyi groups in which ach alkyl 
part has from 1 to 3 carbon atoms, carbamoyloxy groups, aikyicarbamoyl oxy groups having from 2 to 5 carbon 
atoms, diaikylcarbamoyioxy groups in which each alkyl part has from 1 to 4 carbon atoms, amino groups, at- 

55 kyt amino groups having from 1 to 4 carbon atoms, dialkyi amino groups In which each alkyl part has from 1 to 
4 carbon atoms, oxygen atoms (to form an oxo group) and cydoalkyl groups having from 3 to 6 ring carbon 
atoms; 

substitu nts C 1 are selected from: hydroxy groups, carboxy groups, carbamoyl groups, halogen atoms and ami- 
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n groups; 

substituents D 1 are selected from: hydroxy groups, carfooxy groups, carbamoyl groups, carbamoyfoxy groups, 
cyano groups, ureido groups, alkoxy groups having from 1 to 3 carbon atoms, aikoxycarbonyt groups having 
from 2 to 5 carbon atoms, alkanoyl groups having from 1 to 5 carbon atoms, alkanoylamino groups having from 

5 1 to 5 carton atoms, alkanoyloxy groups having from 1 to 5 carbon atoms, halogen atoms, amino groups, al- 
kytamino groups having from 1 to 3 carbon atoms, dlalkyl amino groups in which each alkyl part has from 1 to 
3 carbon atoms, alkyl carbamoyl groups having from 2 to 5 carbon atoms, dial kyf carbamoyl groups in which 
each alkyl part has from 1 to 3 carbon atoms, alkylcarbamoyioxy groups having from 2 to 5 carbon atoms and 
dialkylcarbamoyloxy groups in which each alkyl part has from 1 to 3 carbon atoms; 

10 substituents F 1 are selected from: hydroxy groups, carboxy groups, carbamoyl groups, halogen atoms, alkoxy 
groups having from 1 to 3 carbon atoms and amino groups; and 

substituents G 1 are selected from: hydroxy groups, carboxy groups, carbamoyl groups, carbamoyfoxy groups, 
halogen atoms, alkoxy groups having from 1 to 3 carbon atoms and amino groups. 

A more preferred class of compounds are those compounds of formula (I) and pharmaceutical^ accept- 
15 able salts and esters thereof, in which: 

R 1 represents a hydrogen atom or a methyl group; 

R 2 represents a hydrogen atom, an unsubstituted alkyl group having from 1 to 3 carbon atoms, a substituted 
alkyl group which has from 1 to 3 carbon atoms and which is substituted by at least one of substituents A* 
defined below, or, provided that Q does not contain a quaternary nitrogen atom, a group of formula -C(=NH)R°, 
20 where R° represents a hydrogen atom or an alkyl group having from 1 to 3 carbon atoms; 

R 3 represents a hydrogen atom or a negative ion; and 

Q represents a group of formula (Q-l), (Q-ll), (Q-lll), (Q-IV), (Q-V), (Q-VI). (Q-VII), (Q-VIII), (Q-IX), (Q-X) ( (Q- 
XI), (Q-XII) and (Q-XIII), defined above, wherein: 

R 4 represents a hydrogen atom, an unsubstituted alkyl group having from 1 to 3 carbon atoms, or a substituted 
25 alkyl group which has from 1 to 3 carbon atoms and which is substituted by at least one of substituents B 2 , 
defined below; 

R 6 and R* are independently selected from the group consisting of unsubstituted alkyl groups having from 1 
to 3 carbon atoms, and substituted alkyl groups which have from 1 to 3 carbon atoms and which are substituted 
by at least one of substituents B 2 , defined below; 
so R 4 and R 6 together represent a group of formula -(CHJm-, where m is 2 or 3; 

R 7 , R 8 and R° are independently selected from the group consisting of unsubstituted alkyl groups having from 
1 to 3 carbon atoms, and substituted alkyl groups which have from 1 to 3 carbon atoms and which are substituted 
by at least one of substituents B 2 defined below; 

Rio represents a hydrogen atom, a carbamoyl group, an unsubstituted alkyl group having from 1 to 3 carbon 
35 atoms, or a substituted alkyl group which has from 1 to 3 carbon atoms and which is substituted by at least 
one of hydroxy groups, amino groups and halogen atoms; 
or 

F7 and R* together represent a group of formula -iCH 2 )p-(W) w -(CH 2 ) q - l where £ is 1 or 2, g is 1, 2 or 3, W rep- 
resents an oxygen or sulphur atom and w is 0 or 1, provided that + g. + w) is an integer from 4 to 6; 
40 or 

R 7 and R t0 together represent a group of formula -(CH^p-. where &' is 1 , 2 or 3; 
n isOor 1; 

Z represents a group of formula (Z-l), (Z-ll), (Z-lll), (Z-IV), (Z-V), (Z-VI), (Z-VII) or (Z-VIII), defined above, where- 

in: 

45 R11 and R 12 are independently selected from the group consisting of unsubstituted alkyl groups having 

from 1 to 3 carbon atoms, and substituted alkyl groups which have from 1 to 3 carbon atoms and which are 
substituted by at least one of substituents B 2 , defined below; and 

R 13 , R 14 and R 1 * are independently selected from the group consisting of carbamoyl groups, unsubsti- 
tuted alkyl groups having from 1 to 3 carbon atoms, and substituted alkyl groups which have from 1 to 3 carbon 

so atoms and which are substituted by at least one of substituents B 2 , defined below; 
m 1 is 0 or 1 and n 1 is 0, 1 or 2, provided that (m 1 + n') is an integer from 1 to 3; 

R 10 represents an unsubstituted alkyl group having from 1 to 3 carbon atoms, or a substituted alkyl group which 
has from 1 to 3 carbon atoms and which is substituted by at least on f substituents B 2 , defined below; 
R" represents an unsubstituted alkyl group having from 1 to 3 carbon atoms, or a substituted alkyl group which 
55 has from 1 to 3 carbon atoms and which is substituted by at least one of substituents B 2 , defined below; 

X represents a sulphur atom or a group of formula >NR 17 , where R 17 represents an unsubstituted alkyl group 
having from 1 to 3 carbon atoms or a substituted alkyl group which has from 1 to 3 carbon atoms and which is 
substituted by at least one of carbamoyl groups and hydroxy groups; 
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n*is1or2; 

Rio represents an unsubstituted alkyl group having from 1 1 3 carbon atoms or a substituted alkyl group which 
has from 1 to 3 carbon atoms and which is substituted by at least one of carbamoyl groups and hydroxy groups; 
Y represents a group of formula 

s 

I I 
-CH or -N 



R 20 , R 21 and R 22 are independently selected from the group consisting of hydrogen atoms and unsubstituted 
alkyl groups having from 1 to 3 carbon atoms; 
or 

R 20 and R 21 or R 20 and R 22 together represent a group of formula '(CH^ 9 -QAf^r(CH^r 9 where s is 1 or 2, t is 
15 1 or 2, W represents an oxygen or sulphur atom and yf is 0 or 1 , provided t hat (s + w^ + 1) is 2, 3 or 4; 

R 23 and R 24 are independently selected from the group consisting of hydrogen atoms, halogen atoms, hydroxy 
groups, carbamoyl groups, carboxy groups, unsubstituted alkyl groups having from 1 to 3 carbon atoms and 
substituted alkyl groups which have from 1 to 3 carbon atoms and which are substituted by at least one of hy- 
droxy groups, amino groups and carbamoyl groups; 
20 n 3 is 1,2 or 3; 

R 25 represents a hydrogen atom or a methyl group; 
R26 represents a hydrogen atom; 
rr* is 0,1 or 2; 
g 2 is 0 or 1; 

25 R 27 represents a hydrogen atom or a methyl group; 

R 28 and R 29 are independently selected from the group consisting of hydrogen atoms and methyl groups; 
gMs 1 or 2; 

R 30 represents a hydrogen atom, an unsubstituted alkyl group having from 1 to 3 carbon atoms, a substituted 
alkyl group which has from 1 to 3 carbon atoms and which is substituted by at least one of substituents D 2 , 
30 defined below, an alkenyl group having 3 carbon atoms, an aikynyl group having 3 carbon atoms, or a group 
of formula -C^NHJR 33 , 

where R 33 represents a hydrogen atom, a methyl group, a substituted alkyl group which has 1 or 2 carbon 
atoms and which is substituted by at least one of halogen atoms and methoxy groups, a cydopropyl group or 
a cydopropylmethyi group; 
35 R3i represents a hydrogen atom or an unsubstituted alkyl group having from 1 to 3 carbon atoms; 
R 32 represents a hydrogen atom; 
R 34 represents a hydrogen atom or a methyl group; 

R36 represents a hydrogen atom, an unsubstituted alkyl group having from 1 to 3 carbon atoms, a substituted 
alkyl group which has from 1 to 3 carbon atoms and which is substituted by at least one of substituents G 2 
40 defined below, or a group of formula -C(=NH)R 33 , where R 33 is as defined above; and 
U represents an imidazolyl group, a triazolyl group or a tetrazotyi group; 

substituents A 2 are selected from: hydroxy groups, carboxy groups, carbamoyl groups, carbamoytoxy groups, 
halogen atoms and amino groups; 

substituents B 2 are selected from: cyano groups, hydroxy groups, carboxy groups, halogen atoms, alkoxy 
45 groups having from 1 to 3 carbon atoms, aikanoyl amino groups having from 1 to 5 carbon atoms, aikanoyioxy 
groups having from 1 to 5 carbon atoms, aikanoyl groups having from 1 to 5 carbon atoms, alkoxy carbonyl 
groups having from 2 to 5 carbon atoms, ureido groups, carbamoyl groups, aikytcarbamoyl groups having from 
2 to 5 carbon atoms, dialkylcarbamoyl groups in which each alkyl part has from 1 to 3 carbon atoms, carba- 
moyloxy groups, alkyl carbamoyloxy groups having from 2 to 5 carbon atoms, dialkylcarbamoyloxy groups in 
so which each alkyl part has from 1 to 4 carbon atoms, amino groups, alkylamino groups having from 1 to 4 carbon 
atoms, dial kyi amino groups in which each alkyl part has from 1 to 4 carbon atoms and cycloalkyl groups having 
from 3 to 6 ring carbon atoms; 

substituents D 2 are selected from: hydroxy groups, carboxy groups, carbamoyl groups, carbamoyl xy groups, 
halogen atoms, amino groups, alkylamino groups having from 1 to 3 carbon atoms and dialkylamin groups in 
55 which each alkyl part has from 1 to 3 carbon atoms; 

substituents G 2 are selected from: hydroxy groups, carboxy groups, carbamoyl groups, carbamoyloxy groups, 
halogen atoms, methoxy groups and amino groups. 

Of thes ( we still more prefer those in which Q represents a group of formula (Q-l). (Q-H), (Q-lll), (Q-VII), 
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(Q-VIII) and (Q-XI). more especially a group of formula (Q-I!) f (Q-lll), (Q-VII) and (Q-XI). 

Of al! of these compounds, the most preferred are those in which R 1 represents a methyl group. 

Specific examples of the compounds of the present invention are shown in the following formula (1-1) 
and (1-2). In these formulae, Q is as defined in Tables 1 to 13; Tables 1 to 6 relate to formula (M), and Tables 
7 to 13 relate to formula (I-2). In each of the examples given in Tables 1 to 6 t each of R 1 and R 2 can be a hy- 
drogen atom or a methyl group, i.e. each of the options shown represents 4 possibilities, that is: 

(a) R 1 = hydrogen, R 2 = hydrogen; 

(b) R 1 = methyl, R 2 = hydrogen; 

(c) R 1 = hydrogen, R 2 » methyl; 

(d) R 1 = methyl, R 2 = methyl. 




(I- 1) 



0-2) 
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Of the specific compounds of the present inventi n, preferred compounds are: 
6-(1-HydroxyethyO-1-methyi-2-^^ 
2-em-3-carboxytate; 
2-g^1,1-Dimethyl-3-pyrrolidinioairt 
em-3-carboxylate; 

2^2-p^Caitamoy1methyldimethyiamrrKMiio)pyrr^ 

t hyl- 1 -carbapen-2-em-3-carboxyfate; 

2-P-{3-{(2-Hydraxyethy1)dirrtethylarrttr^ 

t hyl- 1 -cart>apen-2-errv3-cartx)xylate; 

2-P^3-[N-(2-nuoroethyl)-N t ^im^^ 

1 -methyi-1-carbapen-2-errv3-carboxyiate; 

6-(1-Hydroxyethyl)-1-methyl-2-P-{4-<^^ 

2-em-3-carboxyfate; 

6-(1-Hydroxyethyl)-lHrnetr^-2-{243K3^ethy1imidazolio)p 
en-2-em-3-carboxylate; 
2-[2-(4-Amkjirx>piperazin-1-ytcartx)nyl)pyrr^ 
boxylic acid; 

2-[2-(4-AmkiirK>piperazin-1-ylcartx)nyl)-1-methyl 
2-env3-carboxy1ic acid; 

2- P-(4-Amidinohomopiperazin-1-y^ 

3- carboxylic acid; 

2-[2-{4-Amidinohomopipera2in-1 -yfcarbonyl)-1 -met hyl-pyrrolidin-4-ylthio}-6-(1-hydroxyethyl)-1-rnethyl-1-car- 
bapen-2-em- 3-carboxylic acid; 
2^^3-Aminoazetkiin-1-y1cart»n^^ 
ylic acid; 

2-P-<3-Acetimidoylaminoazetkiin-^^ 
em-3-carboxytic acid; 

2-[2^3-FormimidoylamirK)azetkJin-1-ylcart>onyl)pyrrolidin-^ 
enrv 3-carboxylic acid; 

2- p-(3-AmirK>azetkiirv1-ylcarbon^ 

3- carboxylic acid; 

6-<1-HydraxyethyiM^thy1-2^-{3-(^ 

bapen-2-em-3-carboxytate; 

6-<1 -Hydroxyethyl)-1-methyM^ 

bapen-2-em-3-carboxytate; 

6-(1 -Hydraxyet hyl>-1 -methyl-2-[2-(3-tnrnethylar^ 

em-3-carboxylate; 

6-(1 -Hydroxyethyl)-1 -methy«-2^-{3^3-methyi-1 - 
en-2-em-3-carboxy1ate; 

2-C2K3^2-Ruoioethy()-1-imkla2plfo]a2etidin-1-^ 
1 -carbaperv2-em-3-carboxylate; 
2-P-{3-{(2-Ruoroethyl)dimethylam^ 
thyM-cart>aperh2-eiT>-3-<^utK>xyiate; 

2- P-(3-Ac»timkioy1amirK>aretkiin-^ 

3- carboxylic acid; 

and pharmaceutical^ acceptable salts thereof. 

The most preferred compounds are: 
6-(1 -Hydroxyet hyl)-1 -met hy^2-P-{3-trimet hylam^ 
2-em-3-carboxytate; 
2^2-P^CarbaiTKjylmeth^ 
thyi-1-caifeaperv2-em-3-carboxylate; 
2-p^34(2-Hydroxyethy1)dimeth^amrnonio]pyrro^ 
thyt-1-carbapen-2-err>-3-carboxylate; 
2-PKHN^2-Ruoroethyl)-ti£Wimeth^ 
t hyl )- 1 -met hyl- 1 -carbapen-2-em-3-carboxylate; 
6-.(1 Hydroxyethyl)-1-methy^2-p-I3K3-methylim^ 
2-enrv3-carb xyfate; 

2-P-(4-Amidin piperazir>-1-y1cartx>ny0pyrroJki^ 
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boxy lie acid; 

2-[2^4-AmUinopiper^^ 
2-em-3~carboxyfic add; 

2- P^4-AmWinohorropi^ 

3- carboxylic acid; 

2-[2-(4-Amidinohomopipefazin-1-tf^ 
en-2-em-3-carboxylic acid; 
2-[2-(3-AmirK>azetkJirv1-ylcarD^ 
yiic acid; 

2^2^3-AcetimidoylamirK^^ 
env3-carboxylic acid; 
2-[2-(3-Formimidoylaminoazetki^ 
em-3-carboxylic acid; 

2- p-K3-Aminoazetidirv1 -ylcarbonyl)-1 -methylpyrrol idin^yithioJ^1-hydroxyethyf)-lHnethyl-1^rbapeiT-2-em- 

3- cartx>xytic acid; 

6-(1 -HydroxyethylM^nethyW^^ 
bapen-2-em-3-carboxyiate; 
6-(1-HydraxyethylM^tM-2^2-{3^^ 
bapen-2-em-3-carfooxytate; 

-Hydraxyethyl)-1-methy^ 
em-3-carboxylate; 

6-(1 -Hydroxyethy1)-1-methyl-2-{2-{3-{3-met hyl-1 -imklazolio)a2etklin-1-ylcarbonyl]pyrrolidin^ylthio}-lK»rba^ 

en-2-em-3-carboxyiate; 

and pharmaceuticaJly acceptable salts thereof. 

The compounds of the present invention may be prepared by a variety of processes well known in the art 
for the preparation of compounds of this type. For example, in general terms, they may be prepared by reacting 
a carbapenem compound of formula (II): 



(in which R 1 is as defined above, R L represents a sulphonyiqxy or phosphorytoxy group or a group of formula 
-SCOJR", R L1 represents an alkyl group, a haloalkyl group, an alkanoylamlnoaikyl group, an alkenoylamino- 
alkyl group, an aryl group or an aromatic heterocyclic group, and R*> represents a carboxy- protecting group) 
with a pyrrolidine derivative of formula (III): 



(in which R 2 * represents any of the groups or atoms represented by R 2 or any such group or atom which has 
been protected, and Qp represents any of the groups or atoms represented by Q or any such group or atom 
which has been protected or any such group in which a quaternary nitrogen atom is replaced by a correspond- 
ing tertiary nitrogen atom, and, where the group Qp contains a quaternary nitrogen atom, the compound is 
accompanied by a balancing anion), 

and, if necessary, converting any non-quaternized nitrogen atom to the corresponding quaternary nitrogen in 





\ 



R2P 



57 



EP 0 560 613 A1 



the group f formula (Q-l), (Q-ll), (Q-IV). (Q-V) or (Q-VI) or in the group represented by Z, 
and, if necessary, removing any protecting groups, 
and optionally salifying and/or esterifying the product. 

In more detail, the reactions involved may be as illustrated in the following Reaction Schemes A and B: 



Reaction Scheme A: 




X 
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Reaction Scheme B: 



OH R» 




In the above formulae, R\ R* R* R*p, R*>, Qp and Q areas defined above. 
rli represents: 

an aJkyi group, such as a methyl, ethyl, propyl or isopropyl group; 

a haloalkyl group, such as a fluoromethyl, chloromethyl, fluoroethyl, chloroethyl, fluoropropyl, difluor- 
omethyl, difluoroethyl, dichloroethyl, tnf I uoro methyl or trifluoroethyl group; 
a 2-acetamidoethyl group; 
a 2-acetamidovinyl group; 

an optionally substituted aryt group, such as a phenyl or naphthyl group which may be unsubstituted or 
may have from 1 to 3 substituents which may be the same or different from one another, for example: fluorine, 
chlorine, bromine, methyl, ethyl, propyl, isopropyl, methoxy, ethoxy, propoxy, isopropoxy, methoxycarbonyl, 
ethoxycarbonyt, t-butoxycarbonyl, nitro, carbamoyl, mono- and di-substituted alkylcarbamoyl (where the alkyl 
group is, for example, methyl, ethyl or propyl), hydroxy or cyan ; 

or an optionally substituted aromatic heterocyclic group, such as a pyridyl and pyrimidyl group, which 
may be unsubstituted or may have from 1 to 3 substituents which may be the same or different from one an- 
other, for xample: fluorin , chlorin , bromin , methyl, ethyl, propyl and isopropyl. 
R u represents: 
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an alkanesulphonyl group, such as a methanesulphonyi, trifluoromethanesulphonyl, ethanesulphonyi, 
propane- sulphonyl, isopropanesulphonyi or butanesulphonyl group; 

an arylsulphonyl group, such as a phenylsulphonyl, tolylsulphonyl, e.g. g-tolylsulph nyl, or 1- or 2-naph- 
thylsulph nyl group; 

a dialkylphosphoryl group, such as a dimethylphosphoryl. diethylphophoryl, dipropylphosphoryi, diiso- 
propylphosphoryl, dibutylphosphoryl or dipentylphosphoryl group; 

or a diarylphosphoryl group, such as a diphenylphosphoryl or ditolyfphosphoryl group. 

Q* represents any of the groups represented by Q which Includes a quaternary nitrogen atom. 

X" represents an anion, for example a chlorine atom, a bromine atom, an iodine atom, a monomethyl sul- 
phate group, a sulphate group, a methanesulphonyfoxy group, a toluenesulphonyloxy group, a trifluorometha- 
nesulphonyloxy group or a f luorosufphonyloxy group. 

If Qp or R 3 p includes a protecting group, this may be selected from the many such groups well known to 
those skBled In the art and commonly used for the protection of hydroxy groups, imino groups, amino groups 
or carfooxy groups. Such groups are described fully in many standard texts, for example T.W. Greene, "Protec- 
tive Groups in Organic Synthesis", published by John Wiley & Son. Examples of such groups typically include 
the 2-nitrobenzyloxycarbonyt and g-nitrobenzyl groups. 

As defined above, R 3 * represents a protecting group for the carboxy group, such as an aJkyl group, e.g. a 
methyl, ethyl or t-butyl group; an aralkyl group, e.g. a benzyl, dlphenytmethyl, 4-nHrobenzyl or 2-nitrobenzyl 
group; an alkenyl group, e.g. an allyt, 2-chloroallyl or 2-methylaJlyl group; a haloalkyl group, e.g. a 2,2,2-tri- 
chloroethyl, 2,2-dibromoethyl or 2,2,2-tribromoethyl group; or a 2-trimethylsilytethyf group. 

In Step A1 of Reaction Scheme A, a carbapenam compound of formula (IV) is converted to a carbapenenrv 
compound of formula (Ha) by reaction with an active sulphonyl or phosphor yl compound containing a group 
corresponding to the group R 1 - 2 , for example an alkanesul phonic anhydride, an arylsulphonic anhydride, a di- 
alkylphosphoryl halide or a diarylphosphoryl halide. 

This reaction is normally and preferably effected in the presence of a base. There is no particular restriction 
on the nature of the base employed, provided that it has no adverse effect on other parts of the molecule, 
notably the p-lactam ring, and preferred examples include organic bases such as triethylamine, diisopropyie- 
thylamine and 4-dimethylaminopyridine. 

Examples of sulphonyl or phosphoryl compounds which may be employed in this reaction include: alka- 
nesulphonic anhydrides, such as methanesulphonic anhydride, trifluoromethanesulphonic anhydride and 
ethanesulphonic anhydride; arylsulphonic anhydrides, such as benzene- sulphonic anhydride and p-toluene- 
sulphonic anhydride; dialkylphosphoryl halfdes, such as dimethylphosphoryl chloride and diethylphosphoryl 
chloride; and diaryl- phosphoryl halides, such as diphenylphosphoryl chloride and diphenylphosphoryl bro- 
mide. Of these reagents, we particularly prefer {Moluenesulphonic anhydride and diphenylphosphoryl chlorid . 

The reaction is normally and preferably effected in the presence of a solvent There is no particular re- 
striction on the nature of the solvent to be employed, provided that it has no adverse effect on the reaction or 
on the reagents involved and that it can dissolve the reagents, at least to some extent Examples of suttabl 
solvents include: halogenated hydrocarbons, such as methylene chloride, 1 ,2-dichloroethane and chloroform; 
nitrites, such as acetonttrile; and amides, such as dimethyfformamide and dimethytacetamide. 

The reaction can take place over a wide range of temperatures, and the precise reaction temperature is 
not critical to the invention. In general, we find it convenient to carry out the reaction at a relatively low tem- 
perature, for example from -20°C to 40°C, in order to suppress any side reactions. The time required for the 
reaction may also vary widely, depending on many factors, notably the reaction temperature and the nature 
of the reagents and solvent employed. However, provided thatthe reaction is effected underthe preferred con- 
ditions outlined above, a period of from 10 minutes to 5 hours will usually suffice. 

The compound of formula (Ha) thus obtained is not normally isolated; instead, in Step A2, the reaction mix- 
ture is reacted, without any isolation, with a mercaptan of formula (Ilia) In the presence of a base to obtain a 
compound of formula (V). The resulting compound may then, if necessary, be subjected, in Step A5, to a de- 
protection reaction to eliminate any protecting group in the groups represented by R*> or Qp and thus to prepare 
the desired compound of formula (I). 

There is no particular limitation on the nature of the base which may be employed in Step A2, provided 
that it has no adverse effect on other parts of the molecule, notably the p-lactam ring, and preferred examples 
include: organic bases, such as triethyiamin and diisopropytethylamine; and Inorganic bases, such as potas- 
sium carbonate and sodium carbonate. The reaction can take place over a wide range of temperatures, and 
the precis reaction temperature is not critical to th invention. In general, we find it convenient to carry out 
the reaction at a temperature f from -20°C to room temperature. The time required for t h reaction may also 
vary widely, depending on many factors, n tably the reaction temperature and th nature of the reagents and 
solvent em pi y d. However, provided that the reaction is effected under the preferred conditions outlined 
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above, a period of from 30 minutes to 5 days will usually suffice. 

After completion of the reaction, th desired compound of formula (V) can be collected from the reaction 
mixture by any conventional procedure. For example, in on suitable recovery procedure, the solv nt is re- 
moved from th reaction mixture by distillation to obtain the desired compound. Alternatively, In the case of 
5 the non-quaternary compounds, the solvent is removed, preferably by evaporation, the residue is extracted 
with an organic solvent, and the extract is washed with water and dried, after which the solvent is removed 
by evaporation. The compound thus obtained can be further purified, if necessary, by conventional procedures, 
such as recrystallisation, reprecipitation or the various chromatography techniques, notably column chroma- 
tography. If desired, the compound can be purified by subjecting the reaction mixture directly to reprecipitation. 

10 Alternatively, if desired, the compound of formula (V) can be subjected to the subsequent carboxy deprotection 
reaction in Step A5 without isolation. 

If necessary, in Step AS, the compound of formula (V) obtained in Step A2 can be converted to a carboxylic 
acid derivative of formula (I) by eliminating the protecting group R*> for the carboxy group by conventional 
means. The nature of the reaction employed for the elimination of the protecting group will, of course, vary, 

15 depending upon the nature of the protecting group, as is well known in the art For example, where the pro- 
tecting group can be eliminated by reduction (as can the haloalkyl groups, the aralkyl groups, and the benzy- 
hydryl group), this can be achieved by bringing the compound of formula (V) into contact with a reducing agent 
Examples of preferred reducing agents which may be employed in this reaction include: zinc and acetic acid 
when the carboxy-protecting group is, for example, a haloalkyl group (such as a 2,2-dibromoethyl r 

20 2,2,2,-trichloroethyl group); or, when the protecting group is, for example, an aralkyl group (such as a benzyl 
or 4-nitro benzyl group) or a benzhydryl group, it is possible to use as the reducing agent either an alkali metal 
sulphide (such as sodium sulphide or potassium sulphide) or hydrogen in the presence of a reducing catalyst 
(such as palladium-on-carbon). The reducing reaction is normally and preferably effected in the presence of 
a solvent There is no particular restriction on the nature of the solvent to be employed, provided that it has 

25 no adverse effect on the reaction or on the reagents Involved and that it can dissolve the reagents, at least to 
some extent Examples of suitable solvents include: alcohols, such as methanol or ethanol; ethers, such as 
tetrahydrofuran or dioxan; fatty acids, such as acetic acid; and mixtures of any one or more of such organic 
solvents with water. The reaction can take place over a wide range of temperatures, and the precise reaction 
temperature is not critical to the invention. In general, we find it convenient to carry out the reaction at a tenv 

30 perature of from 0°C to approximately room temperature. The time required for the reaction may also vary wide- 
ly, depending on many factors, notably the reaction temperature and the nature of the reagents and solv nt 
employed. However, provided that the reaction is effected under the preferred conditions outlined above, a 
period of from 5 minutes to 12 hours will usually suffice. 

If Qp and/or R*p includes a protecting group for a hydroxy group, an imiho group, an amino group or a car- 

35 boxy group (for example a £-nitrobenzytoxycarbonyl group or a g-nitrobenzyl group), such a protecting group 
can be eliminated simultaneously with the elimination of the above-mentioned carboxy-protecting group (in 
the case where R*p is a 2-nitro benzyl group). 

After completion of the reaction, the desired compound of the present invention can be collected from the 
reaction mixture by conventional means. For example, one suitable recovery procedure comprises: removing 

40 insolubles precipitated from the reaction mixture by f Btration; and then removing the solvent by distillation. The 
compound thus obtained can be further purified, if necessary, by conventional procedures, such as re crys- 
tallisation, reprecipitation or the various chromatography techniques, notably column chromatography. 

Alternatively, where Q represents one of the groups containing a quaternary nitrogen atom, it may be pro- 
pared from a mercaptan of formula (Ilia) in which Of* represents a corresponding tertiary nitrogen atom. In this 

45 case, in Step A2, the compound of formula (lla) is reacted with such a mercaptan of formula (Ilia), to give a 
compound of formula (V). This is then converted to a corresponding quaternary ammonium compound in Step 
A3, and then, if necessary, deprotected in Step A4, to give the desired compound of formula (I). 

Quaternisation In Step A3 can be carried out using methods well known in the art, for example by reacting 
the compound of formula (V) with a compound of formula RX, in which R represents an optionally substituted 

50 aJkyl group, which may be as defined above in relation to any of the groups attached to a quaternary nitrogen 
atom in the groups represented by Q or Z. X represents a halogen atom (for example a chlorine atom, a bromine 
atom or an iodine atom), a mono methyl sulphate group, a sulphate group, or a sulphonyloxy group (for example 
a methanesulphonyt xy, toluen sulphonyloxy, trifluoromethan sulphonyloxy or fluorosulphonytoxy group): In 
t h reaction for converting the nitrogen atom into a quaternary atom, the compounds of formulae (V) and RX 

55 may be reacted directly, or a solvent may be used. There is no particular restriction on the nature of the solv nt 
to be empl y d, provided that it has no adverse effect on th reaction or on the reagents involved and that it 
can dissolve the reagents, at least to some extent Examples of suitable solvents include: halogenated hydro- 
carbons, such as methylene chloride, 1,2-dichloroethan or chloroform; nitriles, such as acetonitrile; ethers. 
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such as tetrahydrofuran; esters, such as ethyl acetate; and amides, such as dimethylformamide or dimethy- 
lacetamide. The reaction can take place over a wid rang of temperatures, and the precise reaction temper- 
ature is not critical to the inv ntion. In general, we find it convenient to carry out the reaction at a temperature 
offrom-20°Cto 100°C. 

5 After completion of the reaction, the desired compound of formula (VI) can be collected from the reaction 

mixture by conventional means. For example, the solvent in the reaction mixture is simply evaporated off. Th 
compound thus obtained can be further purified, if necessary, by conventional procedures, such as re crys- 
tallisation, reprecipitation or the various chromatography techniques, notably column chromatography. Alter- 
natively, the desired compound can be purified by subjecting the reaction mixture to precipitation. If required, 

w the compound of formula (VI) can be subjected, in Step A4, to the subsequent step of carboxy deprotection 
without isolation, which may be carried out as described above in relation to Step A5. 

The carboxy group of the compound thus obtained can be converted to an ester group, particularly to such 
a group which undergoes hydrolysis under physiological conditions, by conventional means. When R 3 is an 
ester which undergoes hydrolysis under physiological conditions [such as an alkanoyloxyal kyl group, e.g. a pfv- 

15 aloyloxymethyi or acetoxymethyl group, an alkoxycarbonyloxyalkyl group, e.g. a 1-(ethoxycarbonyloxy)ethy1 
or 1-(isopropoxycarbonyloxy)ethyi group, ora phthalidyl, indanyi, methoxymethyl or 2-oxo-5-methyl-1 f 3-diox- 
olen-4-ylmethyl group], the compound of formula (I) need not be de protected and can be administered directly 
to a patient, since such a compound can be hydrolyzed in a living body under physiological conditions. 

Alternatively, the compound (V) can be prepared, as shown in Reaction Scheme B, from a compound (lib). 

20 This compound of formula (Mb) can be synthesized by the method disclosed in Japanese Unexamined Patent 
Publication No. Sho-62-30781 (Kokai). The reaction of the compound of formula (lib) with a mercaptan of fbr^ 
mula (Ilia) In the presence of a base to give a compound of formula (V) is normally and preferably carried out 
in an inert solvent There is no particular restriction on the nature of the solvent to be employed, provided that 
it has no adverse effect on the reaction or on the reagents involved and that it can dissolve the reagents, at 

25 least to some extent Examples of suitable solvents include: tetrahydrofuran, acetonitrile, dimethylformamide, 
dimethyl sulphoxide, water and mixtures of any two or more of these solvents. There is also no particular lim- 
itation on the nature of the base employed, provided that it does not affect other portions of the compound, 
particularly the p-tactam ring, and examples include: organic bases, such as diisopropylethytamine, triethyla- 
mine, N-methylpiperidine or 4-di methyl ami no pyridine; and inorganic bases, such as potassium carbonate or 

30 sodium hydrogencarbonate. The reaction can take place over a wide range of temperatures, and the precise 
reaction temperature is not critical to the invention. In general, we find it convenient to carry out the reaction 
at a relatively low temperature in order to suppress any side reaction, usually at a temperature of from -20°C 
to 40°C. The time required for the reaction may also vary widely, depending on many factors, notably the re- 
action temperature and the nature of the reagents and solvent employed. However, provided that the reaction 

35 is effected under the preferred conditions outlined above, a period of from 5 minutes to 5 days will usually suf- 
fice. 

After completion of the reaction, the desired compound of formula (V) can be collected from the reaction 
mixture by conventional means, as described in relation to Reaction Scheme A. It may then be subjected to 
Step B2 and B3 or Step B4, which correspond to Steps A3 and A4 or A5 of Reaction Scheme A. 
40 Any of the compounds prepared as described above may be sal if led and/or esterified by conventional 

means well known in the art 

The compounds of the present invention exhibit excellent antibacterial activity with a broad antibacterial 
spectrum, and have the abflity to inhibit the activity of ^-lactamase, unlflce most thienamycin-type compounds, 
which are liable to be metabolised in the mammalian body. The derivatives of the present invention, in addition, 
45 exhibit excellent stabflity against dehydropeptkJase I, which is also known to catalyse the inactivation of com- 
pounds of the thienamycin type. The derivatives of the present invention showed a strong antibacterial activity 
against a wide range of pathogenic bacteria including Gram-positive bacteria such as Staphylococcus aureus , 
and Enterococcus faecalis. Gram-negative bacteria such as Escherichia coll . Shigella species. Streptococcus 
pneumoniae. Proteus species. Serratia species. Enterobacter species and Pseudomonas species, and anae- 
50 robic bacteria such as Bacteroides fragilts. 

The antibacterial activity was determined by the agar plate dilution method, and the minimal Inhibitory con- 
centrations of the compounds of the present invention against a variety of common pathogenic bacteria were 
determined and are shown in the following Table 14. In th Table, the compounds of the present inv ntion are 
identified by reference to the on of th following Examples which aiustrates its preparati n. 
55 The microorganisms used are identified as follows: 

A: Staphylococcus aureus 209P; 

B: Escherichia coli NIHJ; 

C: Pseudomonas aeruginosa 1001. 
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Tabl 14 





Compound of Example No. 


Microorganism 


5 




A 
M 


Q 
D 


w 




11 


0.02 


0.02 


0.2 




12 


£0.01 


£0.01 


0.1 


10 


35 


£0.01 


£0.01 


0.1 




36 


£0.01 


£0.01 


0.1 




43 


£0.01 


£0.01 


0.1 


15 


imipenem 


£0.01 


0.05 


3.1 



These results demonstrate that the compounds of the present invention have activities which are, in gen- 
eral, better than that of imipenem: moreover, they are, unlike imipenem, resistant to dehydropeptidase I and 
^-lactamase. 

20 The carbapenem-3-carboxylic acid derivatives of the present invention, therefore, are useful as therapeut- 

ic agents for the treatment and prophylaxis of infections caused by these pathogenic bacteria. The compounds- 
may be administered in any conventional form for this purpose, and the exact formulation used will depend 
on the disease to be treated, the age and condition of the patient and other factors, which are well known in 
the art For example, for oral administration, the compounds may be formulated as tablets, capsules, granules, 

25 powders or syrups; and for parenteral administration, they may be formulated for intravenous injection or in- 
tramuscular injection. The dosage will vary widely, depending upon the age, body weight symptoms and con- 
dition of the patient as well as the mode of administration and times and routine of administration; howev r, 
for an adult human patient a daily dosage of from about 100 mg to 3000 mg is recommended, and this may 
be administered as a single dose or in divided doses. 

30 The preparation of certain of the compounds of the invention is further illustrated by the following Exam- 

ples, and the preparation of certain starting materials is illustrated by the subsequent Preparations. All mesh 
sizes used herein are Tyler standard mesh. 

EXAMPLE 1 

35 - 

(1R,5S,6S)-6-r(1RH-HydroxyethyiH-m^ 

nyl]-pyrrolkiin-4-ylthfo)-1-carbapen-2-em-3-carboxy1ate hydrochloride 



40 



45 




HC1 

1(1)(2S.4S)-2-[(3S)-3-Dimethylam^ 
carbony1)pyrrolidine 

924 mg of (2S,4S)-4-<4-methoxybenzylthi H-(4-nitrobenzyioxycart»ny^ acid 
were dissolved in 1 0 ml of dry tetrahydrofuran, and the resulting solution was cooled to -20°C. 209 mg of trie- 
thyiamin , followed by 250 mg of pivaloyt chloride, were then added to the solution, after which the mixture 
was stirred at the same temp rature for 5 minutes. At the end of this time, a mixture of 651 mg of (3S)-3-di- 
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methylaminopyrrolidine trif luoroacetate, 560 mg of diisopropylethyiamin and 7 m! of dry acetonitrile was add- 
ed to the mixture, and th mixture was gradually heated and then stirred at 0°C for 1 hour. After this, the re- 
action mixture was filtered, and t h solvent was removed by evaporation under reduced pressure. The resulting 
residue was diuted with ethyl acetate, and the d fluted solution was washed with an aqueous solution of sodium 
hydrogencartonate and with a saturated aqueous solution of sodium chloride, in that order, after which it was 
dried over anhydrous magnesium sulphate. The solvent was then removed by distillation under reduced pres- 
sure, and the resulting residue was purified by silica gel column chromatography, using a 3 : 1 by volume mix- 
ture of acetonitrile and methanol as the eluent, to obtain 684 mg of the title compound as a powder. 
Infrared Absorption Spectrum (KBr) v^ cnr 1 : 

1710, 1654, 1512, 1345, 1109, 857, 738. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide, 270 MHz) 6 ppm: 

1 .49 - 3.31 (1 5H, multiplet); 

3.35 - 3.57 (2H, multiplet); 

3.71 - 4.00 (6H, multiplet); 

4.44 - 4.56 (1 H, multiplet); 

5.00 - 5.21 (2H, multiplet); 

6.88 (2H, doublet, J = 8.79 Hz); 

7.27 (2H ( doublet J = 8.31 Hz); 

7.51 - 7.61 (2H, multiplet); 

8.19- 8.26 (2H, multiplet). 

1(2) (2S,4S)-2-[(3S)-3-Dimethytamino-1-pyrrolidin^ 
rolidine trifluoromethanesulphonate 

845 mg of (2S,4S>2-{(3S>- 3-d im ethyl ami no- 1-pyrroNdinyl^ 
benzy1oxycarbonyl)pyrrolidine [prepared as described In step (1) above] were suspended in 1.7 ml of anisde, 
and 8.5 ml of trifluoroacetic acid and 0.28 ml of trifluoromethanesulphonic acid were added to the resulting 
suspension, whilst ice-cooling, after which the mixture was stirred at room temperature for 1 hour. The cycle 
comprising removing the solvent by evaporation under reduced pressure, washing the residue with hexane to 
remove anisole, adding diethyl ether to the mixture, cooling the mixture to -78°C to solidify the product and 
milling the product, followed by decantation, was repeated several times to obtain 1 .14 g of the title compound 
as a powder. 

Infrared Absorption Spectrum (KBr) cnr 1 : 

1705, 1656, 1523, 1348, 857. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide + D 2 O t 270 MHz) 5 ppm: 

1 .70 - 4.1 0 (1 8H, multiplet); 

4.47-4.66 (1H, multiplet); 

5.04 - 5.27 (2H f multiplet); 

7.51 - 7.65 (2H. multiplet). 

1(3) 4-Nitrobenzyl (1 R.5S,6S)-2-{(2S,4S)-2-t(3S)-3^imeW R)-1-hydrox- 
yethyfH-methyM-(4-nftrobenzyioxy^ 

544 mg of 4-nitrobenzyl (1R,5f^6S)-6-[(1f^1-hydroxyethylM-^ 
late were dissolved in 5.4 mi of dry acetonitrile, and 424 mg of diphenyf phosphoryichloride and 204 mg of dii- 
sopropyiethylamine were added dropwise to the resulting solution, whilst Ice-cooling, aftBr which the mixture 
was stirred at the same temperature for 1 hour. A solution of 582 mg of diisopropyiethyiamine and 1 .10 g of 
(2S,4S)-2-[(3S)-3-dimethy1amino-1^^ 

trifluoromethanesulphonate [prepared as described in step (2) above] In4 ml of dry acetonitrile was then added 
dropwise, whilst ice-cooling, to the mixture, after which the mixture was stirred at the same temperature for 6 
hours. At the end of this time, the solvent was removed by distillation under reduced pressure, and the resulting 
residue was dissolved in methylene chloride and washed with water, with an aqueous solution of sodium hy- 
drogencartonate, again with water, and then with a saturated aqueous solution of sodium chloride. The aqu- 
eous washings w re extracted with methylene chloride, and the organic phase was combined with the me- 
thylene chloride extract The resulting mixture was dried over anhydrous magnesium sulphate. The solvent was 
removed from the mixture by distillation under reduced pressure, and the residue was purified by silica gel c I- 
umn chromatography, using a 14 : 1 by volume mixture of methylene chloride and methanol as the eluent, to 
obtain 814 mg of the title compound; as a powder. 
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Infrared Absorption Spectrum (KBr) cnr 1 : 

1773, 1711, 1650, 1607, 1522, 1346, 854, 738. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide, 270 MHz) 8 ppm: 

1.15 (3H, doubl t, J = 3.42 Hz); 

1.18 (3H ( doublet, J = 3.90 Hz); 

2.09 (2H, doublet J = 8.3 Hz); 

2.17 (1H, singlet); 

2.49-2.51 (1H, multiplet); 

2.70 - 3.93 (1 6H, multiplet); 

3.95-4.08 (1H, multiplet); 

4.11 -4.20 (1H, multiplet); 

4.23 - 4.29 (1H, multiplet); 

4.55-4.66 <1H, multiplet); 

5.06 - 5.75 (4H, multiplet); 

7.53 - 7.74 (4H, multiplet); 

8.21 - 8.25 (4H, multiplet). 

1(4) (1R.5S,6S,>-6-K1RH-Hydrox^ 

cartx)nyf]pyrrolkjin^ylthio)-lK^apen-2-env3-carboxylate hydrochloride 

771 mg of 4-nrtrobenzyi (1R ( 5S,6S>2-{(2S,4S)-2-{(3S^^ 
1-hydroxyethyf>1-methyM-(4-nitrobenzy^ 

[prepared as described in step (3) above] were dissolved in 8 ml of dry acetonitrile, and 182 mg of methyl tri- 
fluoromethanesulphonate were added to the solution, whilst ice-cooling, after which the mixture was stirred 
at the same temperature for 1 hour. The powdery product obtained by evaporating off the solvent under re- 
duced pressure was dissolved in a mixture of 7 ml of tetrahydrofuran and 3 ml of water, after which the mixture 
was hydrogenated at room temperature for 1 hour in the presence of a 10% w/w palladium-on-carbon catalyst 
At the end of this time, the catalyst was removed by filtration, and the tetrahydrofuran was removed by distil- 
lation under reduced pressure; the aqueous phase was then washed with diethyl ether, after which it was con- 
centrated by evaporation under reduced pressure. The resulting residue was then subjected to ion-exchange 
chromatography (Dowex 1-X4, 50 to 100 mesh, C1 FORM, manufactured by Dow Chemical; "Dowex* is a trade 
mark), using water as the eluent The fractions containing the desired compound were collected and freeze- 
dried to obtain 460 mg of a crude product as a powder. 

The whole of this crude product was applied to a column (Cosmosil 75C 16 -prep, manufactured by Nacalai; 
"Cosmosil" is a trade mark) and eluted with water. The fractions containing the desired compound were com- 
bined, concentrated by evaporation under reduced pressure, and freeze-dried to obtain 1 82 mg of the title com- 
pound as a colourless powder. 
Infrared Absorption Spectrum (KBr) cnr 1 : 

1756, 1656, 1599, 1479, 1373. 
Nuclear Magnetic Resonance Spectrum (270MHz, D 2 0, internal standard: tetradeute rated sodium trimethyl- 
silylpropionate) 6 ppm: 

1.21 (3H, doublet J = 6.83 Hz); 

1.28 (3H, doublet J = 6.35 Hz); 

1.95- 2.1 0(1H, multiplet); 

2.40 - 2.65 (2H, multiplet); 

3.00- 3.15 (1H, multiplet); 

3.21 (6H, singlet); 

3.23 (3H, singlet); 

3.37 (1H, doublet of doublets, J = 7.32 & 9.28 Hz); 
4.20 - 4.30 (2H, multiplet); 
3.40 - 4.20 (9H, multiplet); 
4.65 - 4.75 (1H, multiplet). 
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EXAMPLE 2 



(1R,5S.6S^6-[(1RH-HydroxyethylH-^ 

^yl^py^rolkjln^y^thio}-1-ca^faape^t-2-em-3-carfaoxyiate hydrochloride 

5 




2(1) (2S.4S)-2-[(3R)-3-Oimethylamino-1-pyrrolidta^ 
cart>onyl)pyrrolidine 

20 

2.60 g of (2S,4S)^(4-methoxybenzyltM^ ackj. 
were dissolved in 20 ml of dry tetrahydrofuran, and the resulting solution was cooled to -20°C. 590 mg of trie- 
thyiamine and then 704 mg of pivaloyl chloride were added to the solution, after which the resulting mixture 
was stirred at the same temperature for 5 minutes. 2.00 g of (3R>-3-dimethylaminopyrrolidine trif luoroacetate, 
25 788 mg of diisopropylethylamine and 20 ml of dry acetonitrile were then added, in that order, to the mixture, 
and the mixture was gradually heated and then stirred at 0°C for 1 hour. The reaction mixture was then filtered, 
and the solvent was removed by evaporation under reduced pressure. The residue was diluted with ethyl acet- 
ate, and the diluted solution was washed with an aqueous solution of sodium hydrogencarbonate and with a 
saturated aqueous solution of sodium chloride, in that order. It was then dried over anhydrous magnesium sul- 
30 phate. The solvent was removed by distillation under reduced pressure, and the resulting residue was purified 
by silica gel column chromatography, using a3: 1 by volume mixture of acetonitrile and methanol as the eluent, 
to obtain 2.56 g of the title compound as a powder. 
Infrared Absorption Spectrum (KBr) cnr 1 : 
1710, 1655, 1512. 1344. 1110, 857, 738. 
35 Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide. 270 MHz) 6 ppm: 
1.28-3.31 (15H, multiplet); 
3.40 - 3.63 (2H, multiplet); 
3.72 - 3.92 (6H, multiplet); 
4.36 - 4.53 (1 H, multiplet); 
40 4.95 - 5.22 (2H f multiplet); 

6.88 (2H t doublet, J = 8.79 Hz); 
7.27 (2H, doublet J = 8.31 Hz); 
7.51 - 7.61 (2H. muitiplet); 
8.18 - 8.26 (2H, multiplet). 

45 

2(2) (2S ( 4S)-2-[(3R)-3-Dimethytamino-1-^^ 
rolidine trifluoromethanesulphonate 

2.56 g of (2S,4S)-2^3R)-3Kiimethy1amino-1^ 

so benzyloxycarbonyljpyrrolidine [prepared as described in step (1) above] were suspended in 5.1 ml of anisole, 
and 25.5 ml of trifluoroacetic acid and 0.83 ml of trifluoromethanesufphonic acid were added, whilst ice-cooling, 
to the resulting suspension. The mixture was then stirred at room temperature for 3 hours. At the end of this 
time, th solvent was removed by distillation under reduced pressure, 1,2-dichloroethane was added to th 
residue, and xcess acid was removed by azeotropic distillati n. The res id u was decanted using hexan and 

55 t h n triturated with diethyl ether, after which the mixture was decanted and dried by evaporation under reduced 
pressure to giv 3.65 g of the title compound as a powdery product 
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2(3) 4-IMitrobenzyl (1R,5S,6S)-2-[(2S,4S)-2-K3R)-3-dim t hyi amino- 1-pyrfDlidiny<cart)on^6-f(1RM-hvdrox- 
yethyf>1-methyM-(4-nltro^ 

1.71 gof 4-nitrobenzyi (1R,5fi6S)-6-[(1f^1-hydroxyethylM-^^ 
were dissolved in 17 ml of dry acetonitrile, and 1.34 mg of diphenyl phosphorylchloride and 646 mg of diiso- 
propylethytamine were added dropwise, whilst ice-cooling, to the resulting solution, after which the mixture 
was stirred at the same temperature for 1 hour. At the end of this time, a solution of 1.84 g of diisopropylethy- 
lamine and 3.65 g of (2S,4S)-2-[(3R)-3^imethylamino^ 

ycarbonyl)pyrrolidine trifluoromethanesulphonate [prepared as described in step (2) above] in 35 ml of dry 
acetonitrile was added dropwise to the resulting mixture, after which the mixture was stirred at the same tem- 
perature for 7 hours. At the end of this time, the solvent was removed by distillation under reduced pressure, 
and the resulting residue was dissolved in methylene chloride. The resulting solution was washed with water, 
with an aqueous solution of sodium hydrogencarbonate, again with water and then with a saturated aqueous 
solution of sodium chloride, in that order. The aqueous washings were then extracted with methylene chloride 
and the organic phase was combined with the extract and dried over anhydrous magnesium sulphate. The 
solvent was removed by distillation under reduced pressure, and the resulting residue was purified by silica 
gel column chromatography, using a 12 : 1 by volume mixture of methylene chloride and methanol as the elu- 
ent to obtain 2.60 g of the title compound, as a powder. 
Infrared Absorption Spectrum (KBr) cmr 1 : 

1773, 1712, 1652, 1608, 1523, 1346, 855, 738. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide, 270 MHz) 6 ppm: 

1.15 (3H, doublet, J = 3.91 Hz); 
1.18 (3H, doublet, J = 4.39 Hz); 
2.07 (2H, singlet); 

2.16 (2H, doublet J - 4.88 Hz); 
2.49-2.51 (1H, multiplet); 
2.7-4.2(16H,multiplet); 
3.9- 4.0 (1H, multiplet); 
4.2-4.3 (1H, multiplet); 

4.4- 4.6 (1H, multiplet); 
5.0 - 5.5 (4H, multiplet); 
7.5 - 7.8 (4H, multiplet); 
8.2 - 8.3 (4H, multiplet). 



2(4)(1R,5S,6S)-6^(1RH-HydroxyethylH- 

cart>onyl]pyrrolidin-4-ylthio)-1 -carbapen-2-enrv3-cart)oxylate hydrochloride 

1 .30 g of 4-nitro benzyl (1f^5S,6S)-2-{(2S,4S)-2-[(3l^3-dimeth^ 
hydroxyethyfH-irothyl-1-(4-nitro 

[prepared as described in step (3) above] were dissolved in 13 ml of dry acetonitrile, and 307 mg of methyl 
trifluoromethanesulphonate were added to the resulting solution, whilst ice-cooling, after which the mixture 
was stirred at the same temperature for 1 hour. The powdery product obtained by evaporating off the solvent 
under reduced pressure was dissolved in a mixture of 12 ml of tetrahydrofuran and 5 ml of water, after which 
the mixture was hydrogenated at room temperature for 1 .5 hours in the presence of 3 g of a 1 0% w/w pailadium- 
on-carbon catalyst At the end of this time, the catalyst was removed by filtration, and the tetrahydrofuran was 
distilled off under reduced pressure. The aqueous phase was then washed with diethyl ether and concentrated 
by evaporation under reduced pressure. It was then subjected to ion-exchange chromatography (Dowex 1-X4, 
50 to 100 mesh, C1 FORM, manufactured by Dow Chemical), using water as the eluent The fractions con- 
taining the desired compound were collected and freeze-dried to obtain a crude product as a powder. 

This crude product was applied to a column (Cosmosil 75C 18 -prep, manufactured by Nacalai) and eluted 
with water. The fractions containing the desired compound were combined, concentrated by evaporation under 
reduced pressure, and freeze-dried to obtain 173 mg of the title compound as a colourless powder. 
Infrared Absorption Spectrum (KBr) cnr 1 : 

1758, 1656, 1600, 1479, 1374. 
Nuclear Magnetic Resonance Spectrum (270MHz, D2O, internal standard: tetradeuterated sodium trimethyl- 
silytpropi nate) 6 ppm: 

1.21 (3H, doublet J = 7.32 Hz); 
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1.28 <3H. doublet, J = 6.35 Hz); 
1.95- 2.10 (1H, multiplet); 
2.45 - 2.60 (2H, multiplet); 
3.05-3.25 (1H f multiplet); 

3.20 (6H, singlet); 

3.21 (3H. singlet); 

3.37 (1H t doublet of doublets, J = 7.32 & 9.27 Hz); 
3.45 - 3.55 (2H, multiplet); 
3.60 - 4.20 (9H, multiplet); 
4.20 - 4.35 (2H, multiplet); 
4.63-4.72 (1H. multiplet). 



EXAMPLE 3 

(1R,5S t 6S)-2-{(2S,4S)-2-K3S)-1,1-D^ 

droxyethy1l-1-methyl-1-cart)apen-2-em-3-cart)oxylate hydrochloride 




HCl 



3(1)(2S,4S)-4-(4-Methoxybenzylthto)-2^ 
bonyl)pyrrolidine 

7.99 g of (2S,4S)-4-(4-methoxybenzy1thioM-<^ acid 
were dissolved in 80 ml of dry acetonitrfle, and 3.05 g of N,N'-carbodiimidazole were added to the resulting 
solution, after which the mixture was stirred at room temperature for 2 hours. At the end of this time, the reaction 
mixture was cooled to 0°C, and then a solution of 3.34 g of (3S)-3-amino-1-t-butoxycarbonyl pyrrolidine in 30 
ml of dry ace to n i toil e was added thereto. The mixture was then stirred at the same temperature for 20 minutes, 
at room temperature for 1 .4 hours and then at 32°C for 45 minutes. At the end of this time, the reaction mixture 
was concentrated by evaporation under reduced pressure, diluted with 200 ml of ethyl acetate and then washed 
twice with water and twice with a saturated aqueous solution of sodium chloride. The organic phase was then 
dried over anhydrous magnesium sulphate, and the solvent was removed by distilation under reduced pres- 
sure. The residue was recrystallised from diethyl ether to obtain 9.11 g of a powder. 

1 .00 g of the powder thus obtained was mixed with 10 ml of ethyl acetate and dissolved by heating. 2.5 
ml of a 4N solution of hydrogen chloride In ethyl acetate were then added to the solution, after which the mixture 
was heated under reflux for 30 minutes. The solvent was then removed by distillation under reduced pressure, 
after which ethyl acetate was added to the residue, and the solvent was again removed by distillation under 
reduced pressure, so as to remove the acid. The resulting residue was triturated with diethyl ether, after which 
the mixture was decanted. The solvent was removed by distillation under reduced pressure to obtain 630 mg 
of a hygroscopic powder. This procedure was repeated to obtain further quantities of the powder. 

2.5 g of the powder thus obtained were mixed with 25 ml of dioxane, and a ZOO ml of a 5N aqueous solution 
of sodium hydroxide were added to the mixture at 10°C, followed by 0.47 ml of dimethyl sulphate, after which 
th mixtur was stirred at th same temperature for 50 minutes and then at room temperature for 40 minutes. 
At the end of this time, the solvent was removed by distillation under reduced pressure, and the resulting re- 
sidue was diluted with ethyl acetate. The resulting organic phase was wash d with a saturated aqueous sol- 
ution of sodium chlorid . The aqueous phase was xtracted with ethyl acetate, and the organic phases w re 
combined and dried over anhydrous magnesium sulphate. The solvent was removed by distillation under re- 



68 



EP 0 560 613 A1 

duced pressure, and the residu obtained was subjected to silica gel chromatography, using a gradient lution 
method, with mixtures of ethyl acetate and methanol ranging from 1 : 1 to 1 : 5 by volume as the elu nt to 
obtain 850 mg of the title compound, as a powder. 
Infrared Absorption Spectrum (KBr) crrr 1 : 
5 1713, 1648. 1523, 1346, 1244, 1030, 850, 738. 

Nuclear Magnetic Resonance Spectrum (270MHz, CDCI 3 ) 5 ppm: 

1 .87 - 3.71 (1 6H, multiplet); 

3.79 (3H, singlet); 

4.15-4.50 (2H, multiplet); 
10 5. 1 0 - 5.30 (2H ( multiplet); 

6.82 - 6.87 (2H, multiplet); 

7.19-7.23 (2H, multiplet); 

7.49 (2H, doublet J - 8.79 Hz); 

8.22 (2H, doublet, J = 8.30 Hz). 

15 

3(2) 4-Nitrobenzyl (1 R,5S,6S)-2-{(2S,4S)-2-[(3S)-1 ^ethyl-3-pyrrolidinylamino<^rbonyl]-1-(4-nitrobenzylox- 
ycartoonyQpyrrolidin-4-ylt hio}-6-[(1 RH -hydroxyethyil-1 -methyl-1 -carbapen-2-em-3-carboxylate 

834 mg of (2S,4S)-4-(4-methoxybenzylthio)-2-P 
20 benzyloxycarbonyl)pyrrolidine [prepared as described in step (1) above] were suspended in 1 .7 ml of anisole, 
and 8.6 ml of trifluoroacetic acid and 0.28 mi of trifluoromethanesulphonic acid were added, whBst ice-cooling,- 
to the resulting suspension, after which the mixture was stirred at room temperature for 1 hour. At the end of 
this time, the solvent was removed by distillation under reduced pressure, 1 ,2-dichloroethane was added to 
the residue, and the acid was removed by azeotropic distillation. The resulting residue was decanted with hex- 
25 ane and was then triturated with diethyl ether, after which the mixture was decanted and dried by evaporation 
under reduced pressure to give a salt as a powdery product 

572 mg of 4-nrtrobenzyi (1R,5R,6S)-6-[(1^1-hydroxyethyi>1-methyl-2-oxo-1-carbapenam-3-carboxy- 
late were dissolved in 5.7 ml of dry acetonitrile, and 445 mg of diphenylphosphoryt chloride and 214 mg of dii- 
sopropyiethyiamine were added drop wise, whilst ice-cooling, to the resulting solution. The mixture was then 
30 stirred at the same temperature for 1 hour. At the end of this time, a solution of 61 3 mg of diisopropyfethylamine 
and the whole of the salt obtained in the above step in 6.1 ml of dry acetonitrile was added dropwise, whilst 
ice-cooling, to the resulting mixture and the mixture was stirred at the same temperature for 6 hours. The sol- 
vent was then removed by distillation under reduced pressure, and the residue was dissolved in ethyl acetate. 
The resulting solution was then washed with water, with an aqueous solution of sodium hydrogencarbonate, 
35 again with water and finally with a saturated aqueous solution of sodium chloride. The aqueous washings were 
combined and extracted with ethyl acetate, and all the organic phases, including this extract were combined 
and dried over anhydrous magnesium sulphate. The solvent was then removed by distillation under reduced 
pressure, and the resulting residue was purified by silica gel column chromatography, using a 6 : 1 by volum 
mixture of methylene chloride and methanol as the eluent to obtain 566 mg of the title compound, as a powder. 
40 Infrared Absorption Spectrum (KBr) car 1 : 

1775, 1712, 1670, 1606, 1522, 1346, 852, 737. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide + D 2 O t 270 MHz) 8 ppm: 
1.15 (3H, doublet J = 1.47 Hz); 
1.17 (3H, doublet J = 2.44 Hz); 
45 1 .39 - 3.35 (12H, multiplet); 

3.29 (1 H, doublet of doublets, J = 2.44 & 6.35 Hz); 
3.54 - 3.66 (1H, multiplet); 
3.79 - 4.32 (6H, multiplet); 
5.09 - 5.48 (4H, multiplet); 
so 7.57 - 7.74 (4H, multiplet); 

8.19- 8.25 (4H, multiplet). 

3(3) (1R.5S,6S)-2-{(2S,4S)-2-[(3SH,1-Dimeth^ 
hydroxyethyl]-1-methyi-1-carbap n-2-em-3-carboxylate hydrochloride 

552 mg of 4-nitrob nzyl (1R,5S,6S)-2-{(2S,4S)-2-[(3S)-1^ 
benzy!oxycarbony1)pyrrolidin-4-yltM^ 

[prepared as described in step (2) abov ] were dissolved in 5 ml of dry acetonitrile, and 132 mg of methyl tri- - 
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fiuorom than sulphonate were added to th solution, whilst ice-cooling. The mixture was then stirred at the 
same temperature for 30 minutes. The powdery product btained by evaporation of the solvent was dissolved 
in a mixture of 14 ml of tetrahydrofuran and 7 ml of water, after which the mixture was hydrogenated at room 
temperature for 1 hour in an atmosphere of hydrogen and in the presence of 1.2 g of a 10% w/w palladium- 

5 on-carbon catalyst At the end of this time, the catalyst was removed by filtration and the tetrahydrofuran was 
distilled off under reduced pressure. The aqueous phase was then washed with diethyl ether. The aqueous 
phase was concentrated by evaporation under reduced pressure and then subjected to ion-exchange chroma- 
tography (Dowex 1-X4, 50 to 100 mesh, C1 FORM, manufactured by Dow Chemical), using water as the eluent 
The fractions containing the desired compound were collected and freeze-dried to obtain a crude product as 

10 a powder. 

This crude product was applied to a column (Cosmosil 75C 18 -prep, manufactured by Nacalai) and eluted 
with water. The fractions containing the desired compound were combined, concentrated and freeze-dried to 
obtain 187 mg of the title compound as a colourless powder. 
Infrared Absorption Spectrum (KBr) cnr 1 : 
15 1758, 1683, 1595, 1562, 1452, 1384. 

Nuclear Magnetic Resonance Spectrum (270MHz, D 2 0, internal standard: tetradeuterated sodium tri- 
methyisilylpropionate) 6 ppm: 

1.21 (3H, doublet J = 7.32 Hz); 
1 .29 (3H, doublet, J = 6.35 Hz); 
20 2.10 - 2.20 (1H, multiplet); 

2.25 - 2.40 (1H, multiplet); 
2.70 - 2.85 (1H, multiplet); 
2.85-3.00 (1H, multiplet); 
3.24 (3H, singlet); 
25 3.28 (3H, singlet); 

3.35 (1H, doublet of doublets, J = 7.33 & 9.28 Hz); 
3.40- 4.1 0(9H, multiplet); 
4.20 - 4.30 (2H, multiplet); 

4.48 (1H, doublet of doublets, J = 5.66 & 9.28 Hz). 

30 

EXAMPLE 4 

(1R,5S,6S)-2-{(2S f 4S)-2-[(3RH,1-Dim^^ 

droxyethyiH -methyl- 1-carbapen-2-em-3-cart>oxylate hydrochloride 

35 



40 




45 

HCl 

4(1)(2S,4S)-4-(4-Methoxybenzyithto^ 
carbonyQpyrrolidine 

so 

8.00 g of (2S,4S)-4-(4-methoxybenzylthioH-(4^ acid 
were dissolved in 80 ml of dry acetonitrOe, and 3.05 g of N,N'-cart>odiimidazole were added to the resulting 
solution, afterwhich the mixture was stirred at room temperature for 2 hours. Atthe end of this tim , the reaction 
mixture was cooled to 0°C. and then a solution of 3.67 g of (3R)-3-amino-1-t-butoxycart>onyl pyrrolidine in 7 
55 ml of dry acetonitrile was added t the mixture, which was then stirred at the same temperature for 1 0 minutes - 
and then at room temperature for 2 hours. At the end of this time, the reaction mixture was concentrated by 
evaporation under reduced pressure. The resulting residue was dOuted with 200 ml of ethyl acetate and then 
washed twice, each time with 100 ml of water, and once with 100 ml of a saturated aqueous solution of sodium 
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chlorid . The organic phase was dried ver anhydrous magnesium sulphate, the solvent was removed by dis- 
tillation under reduced pressure, and the residue was purified by silica gel column chromatography, using a 
3 : 1 by volume mixture of ethyl acetate and cyclohexane as the eiu nt, to obtain 9.26 g of a white powder. 
4.80 g of this powder were dissolved in 45 ml of ethyl acetate, and 15.6 ml of a 4N solution of hydrogen 

5 chloride in ethyl acetate were added to the resulting solution. The mixture was then heated under reflux for 
30 minutes, after which the solvent was removed by distillation under reduced pressure. Ethyl acetate was 
added to the residue, and then the solvent was distilled off, so as to remove the acid. The residue thus obtained 
was triturated with diethyl ether, after which the mixture was decanted. The solvent was then removed by dis- 
tillation under reduced pressure to obtain 4.47 g of a white powder. 

10 1 .98 g of this powder were mixed with 20 ml of dioxane, and 1 .58 mi of a 5N aqueous solution of sodium 

hydroxide and 0.41 ml of dimethyl sulphate were added at 10°C to the mixture, after which the mixture was 
stirred at the same temperature for 30 minutes. At the end of this time, the solvent was removed by distillation 
under reduced pressure, the residue was diluted with ethyl acetate, and the resulting organic phase was wash- 
ed with a saturated aqueous solution of sodium chloride. The aqueous washings were extracted with ethyl acet- 

15 ate. The organic phase was combined with the resulting extract and the mixture was dried over anhydrous 
magnesium sulphate. The solvent was removed by distillation under reduced pressure, and the resulting resi- 
due was subjected to silica gel chromatography, using a 1 : 5 by volume mixture of ethyl acetate and methanol 
as the eluent, to obtain 550 mg of the title compound as a powder. 

20 4(2) 4-Nitrobenzyl (1R,5S,6S)-6M(1RH-hydroxyethy^ 
minocart>onyl}-1-(4~nitrobenzyloxycarbon 

550 mg of (2S,4S)-4-(4-methoxybenzyfthio)-2-[(3f^1 -methyl 
benzyloxycart>onyl)pyrrolidine [prepared as described in step (1) above] were suspended in 1.1 ml of anisole, 
25 and 5.5 ml of trifluoroacetic acid and 0.18 ml of trifluoromethanesulphonic acid were added to the resulting 
suspension, whilst ice-cooling, after which the mixture was stirred at room temperature for 1 hour. At the end 
of this time, the solvent was removed by distillation under reduced pressure, 1,2-dichloroethane was added 
to the residue, and the acid was removed by azeo tropic distillation. The residue was decanted with hexane 
and then triturated with diethyl ether, after which the mixture was decanted and dried by evaporation under 
30 reduced pressure, to give a salt as a powdery product 

377 mg of 4-nitrobenzyl (1f^5R,6S)-6-[(1fy-1-hydroxyethyl]-1^ 
late was dissolved in 3.7 ml of dry acetonitrile, and 293 mg of diphenylphosphoryl chloride and 141 mg of dii- 
sopropylethylamine were added dropwise to the resulting solution, whilst ice-cooling, after which the mixture 
was stirred at the same temperature for 1 hour. At the end of this time, a solution of 403 mg of diisopropyie- 
35 thyi amine and the whole of the salt obtained in the above step in 4 ml of dry acetonitrfle was added dropwis 
to the resulting mixture, whilst ice-cooling. The resulting mixture was stirred at the same temperature for 1 hour 
and then left to stand in a refrigerator overnight At the end of this time, the mixture was stirred at room tem- 
perature for 1.5 hours and the solvent was removed by distillation under reduced pressure. The resulting re- 
sidue was dissolved In 10 ml of methylene chloride, after which the mixture was washed with water, with an 
40 aqueous solution of sodium hydrogencarbonate, again with water and finally with a saturated aqueous solution 
of sodium chloride, in that order. The aqueous washings were dried over anhydrous magnesium sulphate and 
the solvent was removed by distillation under reduced pressure. The resulting residue was purified by silica 
gel column chromatography, using a 3 : 1 : 3 by volume mixture of ethyl acetate, methylene chloride and me- 
thanol as the eluent, to obtain 230 mg of the title compound as a powder. 
45 Infrared Absorption Spectrum (KBr) cnrr 1 : 

1775, 1712. 1670, 1617, 1522, 1345. 853, 738. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide + D 2 O v 270 MHz) 6 ppm: 
1.15 (3H, doublet J = 1.15 Hz); 
1.17 (3H, doublet J - 1.95 Hz); 
so 1 .47 - 1 .56 (1 H. multiplet); 

1.72-1.75 (1H, multiplet); 
1.98 - 3.39 (17H, multiplet); 
3.54-3.62 (1H. multiplet); 
3.84 - 4.34 (6H, multiplet); 
55 5.08 - 5.49 (4H, multiplet); 

7.57 - 7.74 (4H, multiplet); 
8.19- 8.25 (4H, multiplet). 
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4(3) (1R,5S,6S)-2K(2S,4Sy2-[(3RHJ-Pimethy1-^ 
hydroxyethyl]-1-methyl-1-carbaperv2-enfV^-carboxylate hydrochl rid 

230 mg of 4-nitrobenzyl (1R,5^6S>6-[(1f^1-hydroxyethyiH-^^ 
rolidinylamirKxart»nyrj-1-(4-nrtro [pre- 
pared as described in step (2) above] were dissolved in 2 ml of dry acetonitrile, and 55.3 mg of methyl trff luor- 
omethanesulphonate were added to the solution, whilst ice-cooling, after which the mixture was stirred at th 
same temperature for 30 minutes. The powdery product obtained by evaporation of the solvent was dissolved 
in a mixture of 7 ml of tetrahydrofuran and 3 ml of water, after which the mature was hydrogenated at room 
temperature for 0.5 hour in an atmosphere of hydrogen and in the presence of 0.6 g of a 10% w/w palladium- 
on-carbon catalyst At the end of this time, the catalyst was removed by filtration and the tetrahydrofuran waa 
removed by distillation under reduced pressure. The aqueous residue was then washed with diethyl ether, con- 
centrated by evaporation under reduced pressure and then subjected to ion-exchange chromatography (Dow x 
1-X4, 50 to 100 mesh, C1 FORM, manufactured by Dow Chemical), using water as the eluent Those fractions 
containing the desired compound were collected and freeze-dried to give a crude product as a powder. 

This crude product was applied to a column (Cosmosil 75C 18 -prep, manufactured by NacaJai) and eluted 
with water. Those fractions containing the desired compound were combined, concentrated by evaporation un- 
der reduced pressure, and freeze-dried to obtain 42 mg of the title compound as a colourless powder. 
Infrared Absorption Spectrum (KBr) crrr 1 : 

1758, 1683, 1593, 1559, 1458, 1386. 
Nuclear Magnetic Resonance Spectrum (270MHz, D 2 O t internal standard: tetradeuterated sodium trimethyk- 
silylpropionate) 8 ppm: 

1.20 (3H, doublet, J = 6.83 Hz); 

1.28 (3H, doublet, J = 6.35 Hz); 

2.11 - 2.35 (2H, multiplet); 

2.71 - 3.02 (2H, multiplet); 

3.20 (3H, singlet); 
3.27 (3H, singlet); 

3.34 (1H, doublet of doublets, J = 7.33 & 9.28 Hz); 
3.45 - 4.09 (9H, multiplet); 

4.21 - 4.27 (2H, multiplet); 

4.51 (1H, doublet of doublets, J = 6.84 & 9.28 Hz). 



(1R,5S,6S)-2-{(2S,4S)-2-[(2S,4S)-2-Caiftam 
^6-[(1RH-hydroxyethyJH-methyM-cart^ 



866 mg of 4-nitrobenzyl (1R,5F^6^6-[(1R)-1-hydroxyethyf>1-rrtet^ 
late were dissolved in 8 ml of dry acetonitrile, and 520 \£t of diphenyiphosphoryt chloride and 437 ul of diiso- 
pro pyl ethyl ami n were added dropwise to the resulting solution, whilst ice-cooling. The mixture was then stir- 
red at the same temperature for 45 minutes. At the end of this time, a solution of 895 uf f diisopropylethyiamine 
and 1.62 g of (2S,4S)-2-[(2S,4S)-2-caifcaiTK>yl^ 

trobenzyloxycarbonyijpyrrolidin trifluoromethanesulphonate in 7 ml of dry acetonitrile was added dropwis , 
whilst ice-cooling, to the mixture. The resulting mixture was then stirred at the same temperature for 30 min- 



EXAMPLE 5 




CH 3 
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utes, after which it was left to stand vernight, whilst ice-cooling. The mixture was then treated in the same 
manner as described in Example 1(2), and was subjected to silica gel column chromatography. The fractions 
obtained by a gradient elution method, using mixtures of ethyl acetate and methanol ranging from 80 : 20 to 
70 : 30 by vol urn as the eluent, were combined and concentrated by evaporation under reduced pressure, to 
obtain 521 mg of 4-nitrobenzyi (1^5^6S)-2K(2S,4S>2-[(2S,4S^ 
ylcart>onylM-(4-nitrobenzylox^ 

em-3-carboxylate as a pale brown powder. 505 mg of this compound were dissolved in 6 ml of dry acetonitrile, 
and 81 ui of methyl fluorosulphonate were added dropwise, whilst ice-cooling, to the resulting solution, after 
which the mixture was stirred at the same temperature for 1 hour. At the end of this time, the solvent was re- 
moved by distillation under reduced pressure, and the resulting crude product was hydrogenated, treated and 
purified in the same manner as described in Example 1(4), to obtain 161 mg of the title compound as a col- 
ourless powder. 

Infrared Absorption Spectrum (KBr) cnr 1 : 

1754, 1668, 1600. 1436. 1382, 1288, 1264. 1225. 
Ultraviolet Absorption Spectrum (H 2 0), nm: 

298.0. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide + D 2 O f 270 MHz) 6 ppm: 

1.04 (3H, doublet, J = 6.84 Hz); 
1.15 (3H, doublet, J = 6.35 Hz); 

2.05 - 2.17 (1H. multiplet); 
2.47 - 2.65 (3H, multiplet); 
2.96 - 3.1 9 (2H, multiplet); 
3.07 (9H, singlet); 

3.52 - 3.78 (4H, multiplet); 
3.84 - 4.07 (3H, multiplet); 
4.21 -4.34 (1H, multiplet); 
4.40 - 4.56 (2H. multiplet). 

EXAMPLE 6 

(1Fl5S.6S)-2-{(2S,4S)-2-[(3S)-3-(Cart^ 

ylthio}-6-[(1 R)-1-hyd^oxyethy^^1-methyl-1-ca^bapen-2-em-3-carboxy^ate hydrochloride 




H^CONHj 



HC1 



1 .00 g of 4-nitrobenzyl (1R,5S,6S)-2^(2§t4S)-2-[(3S)-3^ 
hydroxy et hytH -met hyl- 1 - (4-n itrobenzyloxycarbony^ 

[prepared as described in Example 1(3)] was dissolved in 10 ml of dry acetonitrile, and 1 .21 g of 2-iodoaceta- 
mide were added to the resulting solution, after which the mixture was stirred at 70°C for 1.5 hours. At the end 
of this time, the solvent was removed by distillation under reduced pressure, and the residue was washed by 
decantation with diethyl ether and dried by evaporation under reduced pressure to obtain 1.28 g of a powder. 
The whole of this compound was dissolved in a mixture of 12 ml of tetrahydrofuran and 12 ml of water, and 
1 .00 g of a 10% w/w palladium-on-carbon catalyst was added to the solution. The mixture was then hydrogen- 
ated at room temperature for 2 hours. At the end of this time, the reaction mixture was treated, purified and 
freeze-dried in the same mann r as described in Example 1(4), to obtain 155 mg of th titi compound as a 
colourless powder. 

Infrared Absorpti n Spectrum (KBr) cnr 1 : 

1758, 1695, 1656, 1600, 1469, 1375, 1286, 1226, 1182. 
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Ultraviolet Absorption Spectrum (H 2 0), nm: 
296.9 

Nuclear Magnetic Resonance Spectrum (hexad uterated dimethyl sulphoxide, 270 MHz) 6 ppm: 

1.14 (3H, doublet J = 6.84 Hz); 

1.15 (3H, doublet, J = 6.34 Hz); 
1.52-1.74 (1H, multiplet); 

2.18 - 2.94 (4H, multiplet); 

3.19 (1H, doublet of doublets, J = 6.35 & 2.44 Hz); 

3.25 (3H, singlet); 

3.26 (3H, singlet); 

3.25 - 4.25 (1 5H, multiplet); 
4.44 - 4.63 (1H, multiplet); 
5.08 (1H, broad singlet). 

EXAMPLE 7 

(1R,5S,6S)-2-[(2S,4S)-2^(3S)-3-[(2^ 

ylthio]-6-((1 R)-1-hydroxyeth^1-methyH-carbapen-2-em-3-carboxylate hydrochloride 




HC1 



1 .68 g of 4-nitrobenzyl (1 F^5S,6S)-2-{(2S,4S)-2-{(3S)-3Kiimethyta^^ R)-1- 
hydroxyethyl>lHrnethyM^4-nitroben [pre- 
pared as described in Example 1(3)] were dissolved in 12 ml of dry acetontoile, and 1.68 g of 2-iodoethanol 
were added to the resulting solution, after which the mixture was stirred at 70°C to 75°C for 6.5 hours. The 
solvent was then removed by distillation under reduced pressure, and the residue was washed by decantation 
with diethyl ether and dried by evaporation under reduced pressure to obtain 1.66 g of a powdery product 
The whole of this compound was dissolved in a mixture of 15 ml of tetrahydrofuran and 15 ml of water, and 
1.20 g of a 10% w/w palladium-orvcarbon catalyst were added to the solution, after which the mixture was 
hydrogenated at room temperature for 2 hours. At the end of this time, the reaction mixture was treated, purified 
and freeze-dried in the same manner as described in Example 1(4), to obtain 250 mg of the title compound as 
a colourless powder. 

Infrared Absorption Spectrum (KBr) cnr 1 : 

1758, 1656, 1599, 1469, 1374, 1286, 1258, 1227, 1148. 
Ultraviolet Absorption Spectrum (H 2 0), nm: 

296.2. 

Nuclear Magnetic Resonance Spectrum (270MHz, 0 2 O, internal standard: tetradeuterated sodium trimethyl- 
silyfpropionate) 6 ppm: 

1 .21 (3H, doublet J = 6.84 Hz); 

1.29 (3H, doublet J = 6.34 Hz); 
1.96- 2.13 (1H, multiplet); 

2.30 - 2.64 (2H, multiplet); 
2.94 - 3.16 (1H, multiplet); 

3.22 & 3.25 (together 6H, tw singlets); 
3.25 - 3.70 (6H, multiplet); 

3.72 - 4.84 (1 1 H, multiplet). 
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EXAMPLE 8 

(1R,5S.6S)-2-[(2S,4S)-2-[(3S^3-[^^ pyrrol id in- 1-yt- 
carbonyilpyrrriidin^ hydrochloride 




500 mg of 4-nrtrobenzyt (1l^5S,6S)-2-{(2S,4S^2-[(3S)-3-dimeth^ 
1 -hydroxyet hyl]- 1 -rTtet hyl-1 -(4-n to 

[prepared as described in Example 1(3)] were dissolved in 5 ml of dry acetonitrile, and 700 mg of 2-iodo-N,N- 
d i methyl ace tarn ide were added to the resulting solution, after which the mixture was stirred at 80°C for 4 hours. 
At the end of this time, the solvent was removed by distillation under reduced pressure, and the residue was 
washed with diethyl ether and dried by evaporation under reduced pressure to obtain 670 mg of a powdery 
product, The whole of this compound was dissolved in a mixture of 10 ml of tetrahydrofuran and 8 ml of water, 
and 2.0 g of a 10% w/w palladium-on-carbon catalyst were added to the resulting solution. The mixture was 
then hydrogenated at 28 to 30°C for 2 hours. At the end of this time, the reaction mixture was treated, purified 
and freeze-dried in the same manner as described in Example 1(4), to obtain 82 mg of the title compound as 
a colourless powder. 

Infrared Absorption Spectrum (KBr) cnr 1 : 

1759, 1657, 1603, 1461, 1370, 1147. 
Nuclear Magnetic Resonance Spectrum (270MHz, D 2 O t internal standard: tetradeuterated sodium trimethyl- 
silylpropionate) 5 ppm: 

1.21 (3H. doublet, J = 6.8 Hz); 

1 .28 (3H, doublet, J = 6.4 Hz); 

1.98-2.07 (1H, multiplet); 

2.49 - 2.56 (2H, multiplet); 

2.97 (3H, singlet); 

3.03 (3H, singlet); 

2.95 - 3.13 (1H f multiplet); 

3.37 (6H, singlet); 

3.31 - 3.51 (3H, multiplet); 

3.54 - 3.66 (1H, multiplet); 

3.75 - 3.89 (2H, multiplet); 

3.92 - 3.97 (2H, multiplet); 

4.02-4.17 (1H, multiplet); 

4.20 - 4.29 (2H. multiplet); 

4.47 (2H, singlet); 

4.69-4.81 (1H, multiplet); 

4.86 - 4.98 (1 H, multiplet). 
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EXAMPLE 9 

(1R,5S,6S)-2-[(2S,4S^2^(3S)-3-[N-(2-nuofoethy1>>N t N-dimethytaf^ nf ]pyrrolidin-1-ytcaifr nyQpyrrolidirv 
4-ytthio]-6-{(1 R)-1-hydroxyethyl]-1-methyl-1-cart)apen-2-em-3-cart)oxytate hydrochloride 




501 mg of 4-nitrobenzyl (1R,5S,6S>2^(2S,4S)-2-K3S)-3^im^ 
1-hydroxyethylH-nrathyM-(4-nitrobenzyloxycar^ 

[prepared as described in Example 1 (3)] were dissolved in 3 ml of dry acetonitrile, and 495 mg of sodium iodide^ 
and 41 9 mg of 1 -bromo-2-f luoroethane were added to the resulting solution, after which the mixture was heat- 
ed under reflux for 13 hours. At the end of this time, the reaction mixture was filtered, and the solvent was 
removed from the filtrate by distillation under reduced pressure, to obtain 631 mg of a powdery product The 
whole of this compound was dissolved in a mixture of 10 ml of tetrahydrofuran and 6 ml of water, and the re- 
sulting solution was subjected to hydrogenation at room temperature for 1 .5 hours in the presence of 1 .2 g of 
a 10% w/w pailadium-on-carbon catalyst The reaction mixture was then treated, purified and freeze-dried in 
the same manner as described in Example 1(4), to obtain 36.0 mgofthe title compound as a colourless powder. 
Infrared Absorption Spectrum (KBr) cm- 1 : 

1 758, 1 656, 1 599, 1 470, 1 375. 
Ultraviolet Absorption Spectrum (H 2 0), nm: 

296.8. 

Nuclear Magnetic Resonance Spectrum (270MHz, D2O, internal standard: tetradeuterated sodium trimethyl- 
silylpropionate) 5 ppm: 

1 .22 (3H, doublet J = 7.26 Hz); 

1.30 (3H, doublet J ■ 6.59 Hz); 

1.97 - 2.10 (1H, multiplet); 

2.40 - 2.65 (2H, multiplet); 

3.00 -3.1 5 (1H, multiplet); 

3.26 (4H, singlet); 

3.28 (2H, singlet); 

3.30 - 5.20 (1 7H, multiplet). 



EXAMPLE 10 

(1R,5S,6S)-6-[(1RH-HydroxyethylH-^ 

nyl]pyrrolidin-4-ylthio}-1-cart?apen-2-em-3-carboxylatB hydrochloride 
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10(1) (2S t 4S)-2-[4-(lmidazoM-y1)ptperidiry1-^ 
ny1)pyrroildine 

1520 mg of (2S,4S)^(4-methoxybenzy1thioH-(^ acid 
5 were dissolved in 1 5 ml of dry acetonitrile, and 660 mg of N.N'-carbonyl di imidazole were added to the resulting 
solution, after which the mixture was stirred at room temperature for 30 minutes. At the end of this time, a sol- 
ution of 538 mg of 4-(imidazol-1-yl)piperidine in 5 ml of dry acetonitrile was added to the resulting mixture, and 
the solution was stirred at room temperature for 30 minutes and then at 40°C for 7 hours. The reaction mixture 
was then concentrated by evaporation under reduced pressure. The resulting residue was dissolved in ethyl 
10 acetate, washed with an aqueous solution of sodium hydrogencarbonate, with water and with an aqueous sol- 
ution of sodium chloride, in that order, after which the mixture was dried over anhydrous sodium sulphate. Th 
solvent was then removed by distillation under reduced pressure, and the resulting residue was subjected to 
column chromatography using a reverse phase silica gel column (CosmosO 75C 18 -PREP, 200 ml, manufactured 
by Nacalai Kagaku), eluted with mixtures of acetonitrile and water ranging from 50 : 50 to 55 : 45 by volume. 
15 The fractions containing the title compound were collected and concentrated by evaporation under reduced 
pressure, to obtain 1450 mg of the title compound as a powder. 
Infrared Absorption Spectrum (KBr) cnrr 1 : 

1709, 1655, 1609, 1512, 1345, 1246, 1110. 
Nuclear Magnetic Resonance Spectrum (270MHz, CDCI 3 ) 5 ppm: 
20 1.70 - 1.95 (2H, multiplet); 

2.05 - 2.23 (3H, multiplet); 
2.40 - 2.55 (1H, multiplet); 
2.60 - 2.85 (1H, multiplet); 
3.03 - 3.43 (3H, multiplet); 
25 3.73 (3H, singlet); 

3.77 - 4.25 (5H, multiplet); 
4.59 - 4.84 (2H, multiplet); 

5.02 - 5.35 (2H, multiplet); 
6.85 (2H, doublet, J = 8.8 Hz); 

30 6.96 (1H, singlet); 

7.07 & 7.09 (together 1H, two singlets); 

7.23 (2H, doublet, J = 8.8 Hz); 

7.47 (2H, doublet, J = 8.8 Hz); 

7.56 (1H, singlet); 
35 8.23 (2H, doublet, J = 8.8 Hz). 

10(2) (2S,4SV2-[4-(tmidazoM-yl)piperidirv1-ytcart>on 

1 .44 g of (2S,4S)-2-[4-(imkjazoJ-1-y1)p^ 

40 ycart)onyl)pyrrolidine [prepared as described in step (1 ) above] were dissolved in a mixture of 1 .5 ml of anisole 
and 7.5 ml of trif luoroacetic acid, and 350 \xt of trifluoromethanesulphonic acid were added to the resulting 
solution, whilst ice-cooling. The resulting mixture was then stirred at room temperature for 1 hour and then at 
35°C for 30 minutes, after which it was concentrated by evaporation under reduced pressure. The resulting 
residue was washed with diethyl ether four times to give a colourless powder. The whole of this powder was 

45 suspended in ethyl acetate, and the suspension was made alkaline by the addition of an aqueous solution of 
sodium hydrogencarbonate. The ethyl acetate phase was separated and washed with an aqueous solution of 
sodium chloride, after which this phase was dehydrated over anhydrous sodium sulphate. The solvent was 
then removed by distillation under reduced pressure, to give 1150 mg of the title compound, as a colourless 
powder. 

so Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide, 270 MHz) 6 ppm: 

1.55 - 1.85 (3H, multiplet); 

2.00-2.11 (2H, multiplet); 

2.63 - 2.89 (2H, multiplet); 

3.05 - 3.30 (4H, multipl t); 
55 3.92 - 4.1 5 (2H, multipl t); 

4.25 - 4.59 (2H. multiplet); 

4.71 - 4.92 (1 H, multiplet); 

5.03 - 5.27 (2H, multiplet); 
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6.92 - 8.28 (7H, multiplet). 
Infrared Absorption Spectrum (KBr), cnrr 1 : 

1705, 1652, 1523, 1442, 1347, 1268, 1170, 1035. 

1 0(3) 4-Nitro benzyl (1 R,5S,6S)-6-[(1 R)-1-hydroxyethyl]-2^(2S t 4S)-2-[4^imida2d-1>yl)piperidin-1 -ylcarbo- 
ny1]-1 -(4-nitrobenzyl oxycuartwnylte 

910 mg of 4-nitrobenzyl (1^5F^6S>6-[(1F^1-hydroxyethyl}-1-meth^^ 
late were dissolved in 10 ml of dry acetonitrile, and 560 uf of diphenylphosphoryl chloride and 470 uf of dii- 
sopropylethylamine were added dropwise, whilst ice-cooling, to the resulting solution, aftBr which the mixture 
was stirred at the same temperature for 30 minutes. A solution of 1140 mg of (2S,4S)-2-[4-(imidazoI-1-yf)pir 
peridirv1-y!carbonyl]-4-mercaptopyrrolidine [prepared as described in step (2) above] in 10 ml of acetonforil 
and 435 ul of diisopropylethyiamine were then added dropwise to the resulting mixture. The mixture was then 
stirred, whilst ice-cooling for 2 hours, after which it was left to stand at 4°C overnight At the end of this tim , 
the reaction mixture was diluted with an equivalent amount of water, and then 800 mg of sodium hydrogen- 
carbonate were added thereto. The mixture was then subjected to column chromatography using a reverse 
phase silica gel column (Cosmosil 75C 1ff -PREP, 200 ml, manufactured by Nacalai), eluted wit h a 1 : 1 by volume 
mixture of acetonitrile and water. The desired fractions were collected and concentrated by evaporation under 
reduced pressure, to obtain 1.40 g of the title compound as a powder. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide, 270 MHz) 6 ppm: 

1.12- 1.20 (6H, multiplet); 

1.58- 1.90 (3H, multiplet); 

1.91 -2.06 (2H, multiplet); 

2.62-2.79 (1H. multiplet); 

2.60-2.97 (1H. multiplet); 

3.06 - 3.37 (4H, multiplet); 

3.55- 3.70 (1H, multiplet); 
* 3.71 -3.93(1H f multiplet); 

3.94 - 4.56 (5H, multiplet); 

4.74 - 4.97 (1H f multiplet); 

5.04 - 5.49 (5H, multiplet); 

6.81 -8.28 (11 H, multiplet). 
Infrared Absorption Spectrum (KBr) cnrr 1 : 

1773, 1710, 1656, 1522, 1346, 1208. 

10(4) (1 R,5S,6S)-6-[(1 RH-HydroxyethylH-methy1-2-{(2S^ 
nyl]pyrrolidin-4-ylthio)-1-carbapen-2-env3-cart)oxylate hydrochloride 

1000 mg of 4-nitrobenzyl (1£5S,6S)-6-[(1|^1-hydroxyethy1^ 
yicart>ony1>1-(4-nitrobenzy1oxyca^ [pre- 
pared as described in step (3) above] were dissolved in 10 ml of dry acetonitrile, and 150 u.1 of methyl trifluor- 
omethanesulphonate were added dropwise, whilst ice-cooling, to the resulting solution, after which the mixture 
was stirred at the same temperature for 10 minutes and then at room temperature for 30 minutes. The reaction 
mixture was then concentrated by distillation under reduced pressure, and the resulting residue (1213 mg) was 
dissolved in a mixture of 20 ml of tetrahydrofuran and 15 ml of water. 1.3 g of a 10% w/w pailadium-on-carbon 
catalyst were added to the resulting solution, after which the mixture was vigorously stirred at 28°C to 30°C 
for 1.7 hours in an atmosphere of hydrogen gas. At the end of this time, the catalyst was removed by filtration, 
and the filtrate was washed with diethyl ether (three times, each time with 1 00 ml). The aqueous phase was 
concentrated by evaporation under reduced pressure and then subjected to ion-exchange column chromatog- 
raphy (Dowex 1-X4, Model-C1, 30 ml), eluted with water. The fraction containing the title compound was con- 
centrated by evaporation under reduced pressure, and subjected to column chromatography using a reverse 
phase silica gel column (Cosmosil 75C 1(r PREP, 50 ml), eluted with water. The active fractions were collected 
and freeze-dried, to obtain 260 mg of the titi compound as a colourless powder. 
Ultraviolet Absorpti n Spectrum (H 2 0), nm: 
297. 

Nuclear Magnetic Resonance Spectrum (270MHz, D 2 0, internal standard: tetradeuterated sodium trimethyl- 
silylpropionate) 5 ppm: 

1.22(3H,doubl t,J=^.3Hz); 
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1 .29 (3H, d ublet, J = 6.0 Hz); 
1.88 - 2.09 (3H, multiplet); 
2.28 - 2.43 (2H, multiplet); 
2.96- 3.16 (2H, multiplet); 
3.33 - 3.55 (4H, multiplet); 
3.73-3.84 (1H, multiplet); 

3.90 (3H, singlet); 

3.91 - 4.12 (2H # multiplet); 
4.20 - 4.31 (2H t multiplet); 
4.55 - 4.73 (2H, multiplet); 
4.83-4.93 (1H, multiplet); 
7.47 (1H, singlet); 

7.57 - 7.60 (1 H, multiplet); 
8.85 (1 H, doublet, J = 7.9 Hz). 
Infrared Absorption Spectrum (KBr) crrr 1 : 

1758, 1652, 1599, 1374, 1271, 1233, 1166. 

EXAMPLE 11 

(1R,5S,6S)-6-[(1RH-Hydroxyeth^ 

ny1]pyrroliditv4-ylthio)-1-carbapen-2-env3-carboxylate hydrochloride 




HCI 



11(1) (2S,4S)-2-((3RV3-(lmidazol-1-yl)pyrrolidin-1^^ 
carbonyQpyrrolidine 

A procedure simBar to that described in Example 10(1) was repeated, except that 2500 mg of (2S,4S)-4- 
(4-methoxybenzylthio>-1-(4-nitrobenzyk>xycarbonyi)-2-pyrrolidinecarboxyl acid and 805 mg of (3R)-3-(imi- 
dazolyt-1-yl) pyrrolidine were used, to obtain 2540 mg of the title compound. 
Infrared Absorption Spectrum (KBr) cnr 1 : 

1708, 1656, 1609, 1512, 1438, 1404, 1345, 1246, 1173. 1110. 
Nuclear Magnetic Resonance Spectrum (270MHz, CDCI3) d ppm: 

1.88 - 2.05 (1H, multiplet); 

2.15-2.31 (1H, multiplet); 

2.36 - 2.57 (2H, multiplet); 

3.02- 3.18 (1H, multiplet); 

3.31 - 3.40 (1 H, multiplet); 

3.49 - 3.63 (1H, multiplet); 

3.73 & 3.74 (together 2H. two singlets); 

3.78 & 3.79 (together 3H, two singlets); 

3.80 - 4.08 (3H, multiplet); 

4.26 - 4.48 (2H. multiplet); 

4.71-4.89 (1H, multiplet); 

5.00 - 5.34 (2H, multiplet); 

6.76 - 7.60 (9H, multiplet); 

8.15- 8.27 (2H, multiplet). 
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11(2) 4-Nitrobenzyt (1 R,5S t 6S)-6-[(1 RH-Miroxyethyl>2-{(2S,4S)-2-[(3R)-3-(imM^ 
cart>onylH-(^nitrobenzyloxvcart>ony1)py^ 

2.5 g of (2S,4S)-2-[(3R)-3-(imidazd-1-^^ 
zytoxycarbonyl)pyrrolidine [prepared as described in step (1) above] were reacted and treated in the same man- 
ner as described in Example 10(2) and 10(3), to obtain 2.31 g of the title compound, as a powder. 
Nuclear Magnetic Resonance Spectrum (270MHz, CDCI 3 ) 5 ppm: 

1.25- 1.39 (6H, multiplet); 

2.00 - 2.80 (4H, multiplet); 

3.25 - 4.96 (1 3H. multiplet); 

5.05 - 5.53 (4H, multiplet); 

6.82 - 8.29 (11 H, multiplet). 

11(3) (1R,5S,6S)-6-[(1R)-1-HydroxyethylH-me 

carbonyljpyrroJ id in-4-ylt h io)-1 -carbapen-2-em- 3-carboxylate hydrochloride 

1.2 g of 4-nitrobenzyl (1^5S,6S)-6-[(1R)-1-hydroxyethy1l-2^(2S t 4S).2-[(3R^^ 
din-1-ylcart>onyl]-1-(4-nitrobenzytoxycartx)nyl)pyrrolid 

[prepared as described in step (2) above] were reacted and treated in the same manner as described in Ex- 
ample 10(4), to obtain 340 mg of the title compound as a colourless powder. 

Nuclear Magnetic Resonance Spectrum (270MHz, D 2 0, internal standard: tetradeuterated sodium trimethyl- 
silylpropionate) S ppm: 

1.19-1.31 (6H, multiplet); 

1.82 - 2.07 (1H, multiplet); 

2.40 - 2.58 (1H, multiplet); 

2.60-2.80 (1H, multiplet); 

2.92 (1H, multiplet); 

3.32 - 3.51 (3H. multiplet); 

3.71-4.31 (11H, multiplet); 

3.60 - 3.75 (1 H, multiplet); 

5.17-5.27 (1H, multiplet); 

7.50 & 7.54 (together 1H, two singlets); 

7.60 (1H, singlet); 

8.90 & 8.92 (together 1H, two singlets). 
Ultraviolet Absorption Spectrum (H 2 0), nm: 
297. 

EXAMPLE 12 

(1R,5S,6S)*2-[(2S,4S)-2-(4-Amkiinopipefazin-1-ylcarbonyl)pyrrolidi 
thyl-1-carbapen-2-em-3-carboxylic acid 




12(1)4-Nitrobenzyt(1R t 5S,6S)-6^(1RH-hydro 

lamidino)piperazin-1-yicart)onylH-(4~nit^ }-1-carfaaperv2-em- 3-carbox- 

ylate 

290 \i£ of diphenyiphosphoric acid chl ride and 244 \ii of diisopropylethyi amine were added drapwise, 
whilst ice-cooling, to a solution of 471 mg of 4-nitrobenzyl (1 R t 5S ; 6S)-6-[(1 R)-1-hydroxyethyl}-1-methyt-2-oxo- 
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1 -carbapenam-3-carboxyf ate in 5 ml f dry acetonitrfle, and the resulting mixture was stirred at the sam tem- 
perature for 1 hour. At the end of this tim , a solution of 910 mg of (2S,4S)-4-fnen»pto-2-[4-<4-nitrobenrylox- 
ycait>onyfamidino)piperazin-1-ylcarbonyl}-1-(4-nitrobenzyl xycart>on>i) pyrrolidine trifluoromethanesulphon- 
ate (prepared as described in Preparation 1) in 7 ml of dry acetonitrfl and 500 ul of diisopropylethyf amine 
5 were added dropwise, whilst ice-cooling, to the mixture, and the resulting mixture was left to stand overnight 
at the same temperature. At the end of this time, the reaction mixture was concentrated by evaporation under 
reduced pressure, and the resulting residue was diluted with ethyl acetate, after which the mixture was washed 
with an aqueous solution of sodium hydrogencarbonate, with water and with an aqueous solution of sodium 
chloride. The ethyl acetate layer was dehydrated over anhydrous sodium sulphate and concentrated by evap- 
10 oration under reduced pressure. The resulting residue was subjected to silica gel column chromatography [silica 
gel 60 (Art 9385), manufactured by Merck, 150 ml], eluted with mixtures of ethyl acetate and acetonrtrile in 
proportions of 8 : 2, 7 : 3 and 6 : 4, in that order. The fractions containing the desired compound were collected 
and concentrated by evaporation under reduced pressure, to obtain 691 mg of the title compound, as an amor- 
phous powder. 
15 Infrared Absorption Spectrum (KBr), v^* cm- 1 : 

1773, 1710, 1652, 1607, 1552, 1441, 1347. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide + DjO, 270 MHz) 6 ppm: 

1.12-1.21 (6H, multiplet); 

1.62-1.78 (1H, multiplet); 
20 2.77 - 2.93 (1 H, multiplet); 

3.11 - 4.30 (15H, multiplet); 

4-79 & 4.88 (together 1H, two triplets, J = 7.8 Hz); 
5.07 - 5.49 (6H, multiplet); 
7.52 - 7.73 (6H. multiplet); 
23 8.1 9 - 8.25 (6H, multiplet). 

12(2) (1 R.5S,6S)-2-[(2S,4S)-2-(4-Amidinopiperazfn-1-ylc^ R)-1-hydroxyethyl]- 
1-methyM-cart>apen-2-em-3-carboxylic acid 

30 680 mg of 4-nitrobenzyi (1R,5S,6S)-6-[(1f^1-hydroxyethy1H-m^ 

cart>onytamidino)pipe!^rv1-ylcarb^ 

-carboxylate [prepared as described in step (1) above] were dissolved In 40 mJ of a 1 : 1 by volume mixture of 
tetrahydrofuran and water, and 950 mg of a 10% w/w palladium-on-carbon catalyst were added to the resulting 
solution. The mixture was then hydrogenated in an atmosphere of hydrogen at 28°C for 1 hour. At the end of 

35 this time, the catalyst was removed by filtration, and the filtrate was washed with diethyl ether. The aqueous 
layer was then concentrated by evaporation under reduced pressure, to 10 ml. The resulting solution was sub- 
jected to reverse phase silica gel column chromatography (CosmosS 75C 18 -prep, manufactured by Nacalai Tes- 
que, 30 ml), eluted with mixtures of acetonrtrile and water In proportions of 0 : 100, 2 : 98, 4 : 96 and 6 : 94, in 
that order. The fractions containing the desired compound were collected, concentrated by evaporation under 

40 reduced pressure, and freeze-dried to obtain 211 mg of the title compound as a powder. 
Ultraviolet Absorption Spectrum (H 2 0), 3^ nm: 
299. 

Infrared Absorption Spectrum (KBr), cnrr 1 : 

1754. 1649, 1605, 1450, 1389, 1251. 
45 Nuclear Magnetic Resonance Spectrum (270MHz, D 2 0, internal standard: tetradeuterated sodium trimethyl- 
silyipropionate) 6 ppm: 

1.22 (3H, doublet, J = 7.3 Hz); 

1.30 (3H, doublet, J = 6.4 Hz); 

1.64 (1H, doubled doublet of doublets, J = 13.7, 6.8 & 5.4 Hz); 
so 2.74 (1H, doublet of triplets, J = 13.7 & 8.8 Hz); 

3.07 (1 H, doublet of doublets, J = 12.2 & 3.4 Hz); 

3.17 (1H, doublet of doublets, J = 12.2 & 5.4 Hz); 

3.34 - 3.47 (2H, multiplet); 

3.54 - 3.90 (9H, multipl t); 
« 4.13 (1H, doublet f doublets, J = 8.8 & 6.8 Hz); 

4.19- 4.13 (2H. multiplet). 
Nuclear Magnetic Resonance Spectrum ( 13 C, D 2 0, external standard: tetramethylsilane) 6 ppm: 

16.0, 20.2, 35.5, 41.3, 42.6, 42.8, 43.5. 44.2, 44.7, 53.9, 56.0, 57.4, 58.4, 65.2, 132.0, 140.9, 156.6, 
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167.8, 172.5, 176.4. 
EXAMPLE 13 

(1R.5S,6S^2-[(2S,4S)-2-(4-Amkiinopiperazin-1-v^ 
thylj-1-methyM-carbapen-2-em-3-carboxylic acid 




13(1) 4-Nitrobenzyl (1R.5S.6S)^(1RH-hydroxyethy1Hwn^ 
ycarbonylamidino)pipei^rv1-ylcarbonylte 

1600 mg of 4-nitro benzyl (1F^5R,6S)-2-(diphenylphosphoi7loxy)-6-K^ 
bapen-2-em-3-carboxylate (prepared as described in Preparation 32) were dissolved in 16 ml of dry acetonK 
trite, and a solution of 1120 mg of (2S,4S)-4~merapto-1-methyl-2-[4-(4-nitrobenzy1ox^ 
azin-1-ylcarbonyl] pyrrolidine (prepared as described fn Preparation 2) in 11 ml of dry acetonitrOe and 430 uf 
of diisopropylethyt amine were added dropwise to the resulting solution, whilst ice-cooling. The resulting mixture 
was stirred at the same temperature overnight, after which it was concentrated by evaporation under reduced 
pressure. The resulting residue was diluted with ethyl acetate, and the mixture was washed with an aqueous 
solution of sodium hydrogencarbonate, with water and with an aqueous solution of sodium chloride, in that 
order. The ethyl acetate layer was dehydrated over anhydrous sodium sulphate and then concentrated by evap- 
oration under reduced pressure. The resulting residue was subjected to reverse phase silica gel column chro- 
matography (Cosmosil 75C 1s -prep, manufactured by Nacalai Tesque, 300 ml), eluted with a 1 : 1 by volum 
mixture of acetonitrile and water. The fractions containing the desired compound were collected and concen- 
trated by evaporation under reduced-pressure, to obtain 1520 mg of the title compound, as a powder. 
Infrared Absorption Spectrum (KBr) t cm- 1 : 

1771, 1708, 1648, 1606, 1544. 1521, 1448, 1347. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide, 270 MHz) 6 ppm: 

1.10 - 1.20 (6H, multiplet); 

1.58-1.69 (1H, multiplet); 

2.24 (3H, singlet); 

2.60 - 2.80 (2H, multiplet); 

2.95 - 3.02 (1H, multiplet); 

3.20 - 3.88 (12H, multiplet); 
3.90-4.05 (1H, multiplet); 

4.21 (1H, doublet of doublets, J = 9.3 & 2.4 Hz); 
5.05 (1H, doublet, J = 5.4 Hz); 

5.13 (2H, singlet); 

5.29 (2H. doublet J = 13.7 Hz); 

5.45 (2H, doublet, J = 13.7 Hz); 

7.59 (2H, doublet, J = 8.8 Hz); 

7.73 (2H, doublet, J = 8.8 Hz); 

7.90-8.20 <2H, broad); 

8.21 (2H, doublet, J = 8.8 Hz); 

8.23 (2H, doublet, J = 8.8 Hz). 

13(2) (1R,5S,6S)-2-[(2S,4S)-2-(4-Amidinopi 
droxyethyl}-1-methyl-1-cart)apen-2-enrv3-cart)oxy1ic acid 

1500 mg of 4-nitro benzyl (1&5S,6S)-6-t(1R)-1-hydroxyeth^ 
benzyloxycarbonylamidtn )piperazin-1-ytcart>ony1]pyrrolkJta^ [pre- 
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pared as described in st p (1) above] were dissolved in 75 ml of a 1 : 1 by volume mixture of t trahydrofuran 
and water, and 2400 mg f a 1 0% w/w palladium-on-carbon catalyst were added to the resulting solution. The 
mixture was then hydrogenated in an atmosphere of hydrogen at 28°C for 1 hour. At the end of this time, th 
catalyst was removed by filtration, and the filtrate was washed with diethyl ether. Th filtrat was then con- 

5 centrated to 20 ml by evaporation under reduced pressure. The solution was then subjected to reverse phas 
silica gel column chromatography (Cosmosil 75C 18 -prep, manufactured by Nacalai Tesque, 1 00 ml), eluted with 
mixtures of acetonitrile and water in proportions of 0 : 100, 2 : 98, 4 : 96, 6 : 94 and 8 : 92 by volume, in that 
order. The fractions containing the desired compound were collected, concentrated to 3 ml by evaporation un- 
der reduced pressure, and cooled to precipitate colourless needle-like crystals. The crystals were filtered off 

10 and dried to obtain 435 mg of the title compound as crystals, melting at 218 - 220°C (with decomposition). 

Ultraviolet Absorption Spectrum (H 2 0), nm: 

298. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1755, 1652, 1606, 1449, 1386, 1246. 
is Nuclear Magnetic Resonance Spectrum (270MHz, D 2 0, internal standard: tetradeuterated sodium trimethyl- 
silylpropionate) 6 ppm: 

1 .20 (3H. doublet, J - 6.8 Hz); 

1.30 (3H, doublet, J = 6.3 Hz); 

1.66 (1H, doubled doublet of doublets, J = 13.7, 8.8 & 5.4 Hz); 
20 2.28 (3H, singlet); 

2.74 - 2.87 (2H, multiplet); 

3.09 (1H, doublet of doublets, J = 10.8 & 1.5 Hz); 

3.30 - 3.90 (12H, multiplet); 

4.16-4.31 (2H, multiplet). 
25 Nuclear Magnetic Resonance Spectrum ( 13 C, D 2 0, external standard: tetramethyisilane) 6 ppm: 

15.7, 19.9. 34.9, 39.1, 39.3, 40.9, 42.4, 43.3, 43.9, 44.5, 55.7, 58.0, 62.2, 64.9, 65.0, 131 .2, 141 .6, 156.3, 
167.5,171.1,175.9. 

EXAMPLE 14 

30 

(1R,5S,6S)-2-[(2S,4S)-2-(4-Amidinohomopipera 
1-methyi-1-carbapen-2-em-3-carboxylic acid 



35 



40 




A procedure similar to that described in Example 13 was repeated, but using 4-nitrobenzyl (1 R,5R,6S)-2- 
(diphenylphosphoryloxy)-64(1f^1-hydro^ (prepared as de- 

45 scribed in Preparation 32) and (2S,4S^mercapto-1-(4-nitrobenzytoxyra 

nylamidino)homopiperazin-1-ylcarbonyl]pyrrolidine (prepared as described in Preparation 3) as starting mate- 
rials, in relative proportions similar to those used in that Example, to obtain the title compound. 
Ultraviolet Absorption Spectrum (H 2 0), nm: 
299. 

so Infrared Absorption Spectrum (KBr), cnr 1 : 
1754, 1608, 1580, 1456, 1387. 1262. 
Nuclear Magnetic Resonance Spectrum ( 1 H. 270MHz, D 2 O t internal standard: tetradeuterated sodium trime- 
thyfsilyfpropionate) 5 ppm: 

1.21 (3H, doublet, J = 7.2 Hz); 
55 1 .30 (3H, doublet, J = 6.3 Hz); 

1.46-1.54 (1H ( multiplet); 
1.84- 1.96 (2H, multiplet); 
2.70 - 2.80 (1 H, multiplet); 
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3.08 (1H, doublet f doublets, J = 12.4 & 3.3 Hz); 
3.14 (1H, doublet of doublets, J = 12.4 & 5.4 Hz); 
3.37 - 3.45 (2H, multiplet); 
3.52 - 3.95 (9H, multiplet); 
4.04- 4.14 (1H ( multiplet); 
4.20 - 4.29 (2H, multiplet). 



EXAMPLE 15 

(1R.5S,6S)-2-[(2S,4S)-2-(4-AmkJinohomopiperaa^ 
droxyethyt]-1-methyH-cart)apen-2-efn-3-cairboxylic acid 




A procedure similar to that described in Example 1 3 was repeated, but using 4-nitrobenzyl (1 R,5R,6S)-2- 
(diphenylphosphoryloxy)-64(1R)-1^ (prepared as de- 

scribed in Preparation 32) and (2S,4S)-4-mercapto-1-methy1-2-{4-(4-nitro 

perazin-1-y1carbonyi]pyrrolidine (prepared as described in Preparation 4) as starting materials, in relative pro- 
portions similar to those used in that Example, to obtain the title compound. 
Ultraviolet Absorption Spectrum (H 2 0), nm: 
298. 

Infrared Absorption Spectrum (KBr), crrr 1 : 

1755. 1650, 1607, 1455, 1385, 1258. 
Nuclear Magnetic Resonance Spectrum (270MHz, D 2 O t internal standard: tetradeuterated sodium trimethyl- 
silylpropionate) 8 ppm: 

1.20 (3H, doublet J = 7.2 Hz); 

1 .30 (3H, doublet, J = 6.3 Hz); 

1.60 (1H, doubled doublet of doublets, J = 13.5, 9.0 & 5.5 Hz); 

1.80- 1.95 (2H, multiplet); 

2.24 & 2.25 (together 3H, two singlets); 

2.74 - 2.87 (2H, multiplet); 

3.09 (1H, doublet, J = 9.0 Hz); 

3.33 - 3.95 (12H, multiplet); 

4.19 (1H, doublet of doublets, J = 9.0 & 2.4 Hz); 

4.22-4.28 (1H, multiplet). 

EXAMPLE 16 

(1R,5S,6S)-2-[(2S,4S)-2-(4-Guanidinopi 
methy1-1-carbapen-2-em-3-carboxylic acid 
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A procedure similar to that described in Example 1 3 was repeated, but using 4-nitrobenzyl (1 R,5R,6S)-2- 
(diphenylphosphoryfoxy>-6-{(1R)-1-hydroxyethyl]-1-methyl 1-carbapen-2-em-3-carboxylate (prepared as de- 
scribed in Preparation 32) and (2S > 4S>4-rnercapto-1. (4-nitrobenzyl xycarbonyl)-2-[4-(4-nitrobenzyloxycarbo- 
nylguanidin )piperidirv1-yicarbonyi]pyrrolidine (prepared as described in Preparation 5) as starting materials, 
in relative proportions similar to those used in that Example, to obtain the tide compound. 
Ultraviolet Absorption Spectrum (H 2 0), nm: 
299. 

EXAMPLE 17 

(1R,5S t 6S)-2-[(2S,4S)-2-(4-Guanidinopi 

yet hyQ- 1 -methyl- 1 -carbapen-2-em-3-carboxylic acid 




A procedure similar to that described in Example 13 was repeated, but using 4-nitrobenzyl (1 R,5R,6S)-2- 
(diphenylphosphory1oxy)-6-{(1F^1-hydroxyeth^^ (prepared as de- 

scribed in Preparation 32) and (2S,4S)^nrarapto-1-methy1-2-(4-(4-nitrobe 

din-1-yfcarbonyl]pyrrolkJine (prepared as described in Preparation 6) as starting materials, in relative propor- 
tions similar to those used in that Example, to obtain the title compound. 
Ultraviolet Absorption Spectrum (H 2 0), nm: 
298. 

EXAMPLE 18 

(1R,5S,6S)-2-K2S,4S)-2-[(3S^3-Guanidi^ 
thyl}-1-methyl-1-carbapen-2-enfv3-carboxylic acid 



QH CK 




A procedure similar to that described In Example 13 was repeated, but using 4-nitrobenzyl (1R,5R,6S)-2- 
(diphenylphosphorytoxy)-64(1f^1-hydroxyeth^ (prepared as de- 

scribed in Preparation 32) and (2S,4S)-4-mercapto-1-(4~nitrobenzyl^ 

cart>onylguanidino)pyrrolidin-1-ylcarbony1]pyrrolidine (prepared as described in Preparation 7) as starting ma- 
terials, in relative proportions sinrriar to those used in that Example, to obtain the title compound. 
Ultraviolet Absorption Spectrum (H 2 0), nm: 
299. 
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EXAMPLE 19 

(1R.5S.6S)-2-[(2S,4S)-2-[(3S)-3-Guanidinopy^ 
droxyet hyl]-1 -met hyt- 1 -carfaapen-2-erTV 3-carboxyl ic acid 




A procedure similar to that described in Example 13 was repeated, but using 4-nitrobenzyi (1R,5R,6S) 7r 
(diphenylphosphoryloxy)-64(1F^1-hydroxy^ (prepared as de- 

scribed in Preparation 32) and (2S,4S)^merapto-1-methyi-2-[(3S^^ 

no)pyrrolidin-1-ytcarbonyl]pyrrolidine (prepared as described in Preparation 8) as starting materials, in relative 
proportions similar to those used in that Example, to obtain the title compound. 
Ultraviolet Absorption Spectrum (H 2 0), )U hm: 
298. 

EXAMPLE 20 

(1R,5S,6S)-2-r(2S.4S)-2-(3-Guanidinoaze^ 
methyi-1-carbapen-2-em-3-carboxylic acid 




A procedure similar to that described in Example 13 was repeated, but using 4-nitrobenzyl (1R,5R,6S)-2- 
(dipheny1phosphoi7toxy)-6^(1R)-1-h^ (prepared as de- 

scribed in Preparation 32) and (2^4S^mercapto-1-(4-nitrobenzyiox^ 

nylguanidino)azetidirv1-ytcarbonyl]pyrrolidine (prepared as described in Preparation 9) as starting materials, 
in relative proportions similar to those used in that Example, to obtain the title compound. 
Ultraviolet Absorption Spectrum (H 2 0), nm: 
299. 
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EXAMPLE 21 

(1K5S t 6S)-2-[(2S,4S)-2-(3-Guanidino^ 
yethyl]-1-methyl-1-cart)apen-2-em-3-cart>oxylic acid 




A procedure similar to that described in Example 13 was repeated, but using 4-nitrobenzyl (1 R,5R,6S)-2- 
(diphenylphosphoryfoxy)^(1R^ (prepared as de- 

scribed in Preparation 32) and (2S,4S)-4-meraptD-1-methyi-2-[3-(4-nitro^ 

din-1-y1carbonyl]pyrrolidine (prepared as described in Preparation 10) as starting materials, in relative propor- 
tions similar to those used in that Example, to obtain the title compound. 
Ultraviolet Absorption Spectrum (H 2 0), ^ nm: 
298. 

EXAMPLE 22 

(1R,SS,6SV2-[(2S,4S)-2-(2-Guanidinoethy1c^ 
1-carbapen-2-em-3-carboxylic acid 




A procedure similar to that described in Example 13 was repeated, but using 4-nitrobenzyi (1 R,5R,6S)-2- 
(diphenylphosphoryloxy)-64(1|^1-hydroxyethy^ (prepared as de- 

scribed in Preparation 32) and (2S,4S^mercapto-1-(4-nitrobe^ 

nylguanidino)ethylcarbamoyl]pyrrolidihe (prepared as described in Preparation 11) as starting materials, in rel- 
ative proportions similar to those used in that Example, to obtain the title compound. 
Ultraviolet Absorption Spectrum (H 2 0), nm: 
299. 
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EXAMPLE 23 

(1R.5S t 6S)-2-[(2S t 4S>-2-(2-Guanidinoethylcarbam y<)-1-methylpyrralidin-4-ylthiol-6-r(1R)-1-hydroxyethvl1- 
1-methyt-1-carfaapen-2-em-3-cart)oxylic acid 




A procedure similar to that described in Example 13 was repeated, but using 4-nitrobenzyl (1 R,5R,6S)-2- 
(diphenylphc^phory1oxy)^0 (prepared as de- 

scribed in Preparation 32) and (2^4S)-4-mercapto-1-methyi-2-[2-(4*nftroben^ 

carbamoy1]pyrroHdine (prepared as described in Preparation 12) as starting materials, in relative proportions 
similar to those used in that Example, to obtain the title compound. 
Ultraviolet Absorption Spectrum (H 2 0) f nm: 
298. 

EXAMPLE 24 

(1R.5S,6S)-S-[(1RH-Hydroxyethy^ 
Hdin^yithio)-1-carbapen-2-env3-cart)oxylic acid 




A procedure similar to that described in Example 1 3 was repeated, but using 4-nitrobenzyl (1 R,5R,6S)-2- 
(diphenylphosphory1oxy)^(1F^1-hydro (prepared as de- 

scribed in Preparation 32) and (2S,4S)^merapto-2-[4-(methy^ 

1-y1carbony1M-(4-nitroben (prepared as described in Preparation 13) as starting 

materials, in relative proportions similar to those used in that Example, to obtain the title compound. 
Ultraviolet Absorption Spectrum (K^O), nm: 
299. 

EXAMPLE 25 

(1R,5S,6S)-6-[(1RH-HydroxyethyiH^ 
ny11pyrrolidirM-y1thfo}-1-carfaapen-2-em-3-carboxylic acid 
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A procedure similar t that described in Example 13 was repeated, but using 4-nitrobenzyl (1R,5R,6S)-2- 
(dipheny!phosphoryloxy)-6-{(1F^1-hydro^ (prepared as de- 

scribed in Preparation 32) and (2S,4S)-4^ert»ptD-1 -methyl 

no)piperazin-1-ylcarbonyQpyrrolidin (prepared as described in Preparation 14) as starting materials, in rela- 
tive proportions simBar t those used in that Example, to obtain th title compound. 
Ultraviolet Absorption Spectrum (H 2 d), 31^ nm: 
298. 

EXAMPLE 26 

(1R.5S,6S)-2-{(2S,4S)-2-[(3R)-3-GuanidinopyrroM 
thyi]*1-methyl-1>cafbapen-2-em-3-carboxylic acid 



OH CH 




A procedure similar to that described in Example 13 was repeated, but using 4-nitrobenzyl (1 R,5R,6S)-2- 
(diphenylphosphoryloxy)-6^(1l^1-hydroxy^ (prepared as de- 

scribed in Preparation 32) and (2^4^-4-merapto-1-(4-nitrobenztf 

cartK3ny1guanidino)pyrrolidin-1-ylcarbonyl]pyrrolkline (prepared as described in Preparation 15) as starting 
materials, in relative proportions similar to those used in that Example, to obtain the title compound. 
Ultraviolet Absorption Spectrum (H 2 0), 3^ nm: 
299. 

EXAMPLE 27 

(1R,5S,6S)-2-{(2S,4SV2-[(3RV3-Guanidinop 

hydroxyet hyl]- 1 -methyl- 1 -carbapen-2-ero-3-carboxylic acid 




A procedure similar to that described in Example 13 was repeated, but using 4-nitrobenzyl (1R,5R,6S)-2- 
(diphenylphosphorytoxy)-6^(1RH^ (prepared as de- 

scribed in Preparation 32) and (2S,4S)^mercapto-1-methyl-2-[(3R>^ 

no)pyrrolidin-1-ylcarbonyl]pyrrolidine (prepared as described in Preparation 16) as starting materials, in rela- 
tive proportions similar to those used in that Example, to obtain the title compound. 
Ultraviolet Absorption Spectrum (H 2 0), nm: 
298. 
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EXAMPLE 28 

(1 R, 5S t 6S)-2-{(2S,4S)-2-((3R>-4-Amidlno-3-methytpiperazin-1 -ylcarbonyllpyrrolidln-4-y1thto}-6-[(1 RM-hy- 
droxyethy<}-lHmethyl-1-cart)apen-2-em-3-cartx)xylic acid 




A procedure similar to that described in Example 1 3 was repeated, but using 4-nitrobenzyl (1 R,5R,6S)-2- 
(diphenylphc^phoryloxy)^ (prepared as de- 

scribed in Preparation 32) and (2S/lS)^nrerapto-1-(4-n'rtrobe 

carbonyiamidino)-3-methylpiperazin-1-ylcart>onyl]pyrrolidine (prepared as described in Preparation 17) as 
starting materials, in relative proportions similar to those used in that Example, to obtain the title compound: 
Ultraviolet Absorption Spectrum (H 2 0), nm: 
299. 

EXAMPLE 29 

(1R,5S,6S)-2-{(2S,4S)-2-[(3RM-Amidino-3-^ 

[(1 R)-1 -hydroxyet hyl]- 1 -met hyM -carbapen-2-em-3-carboxylic acid 




A procedure similar to that described in Example 1 3 was repeated, but using 4-nitrobenzyl (1 R,5R,6S)-2- 
(diphenyiphosphoryloxy)-64(1R^ (prepared as de- 

scribed in Preparation 32) and (2S,4S)-4-mercapteM-methyi-2-[(3^ 

methyipiperazin-1-ylcart>onyl]pyrrolidine (prepared as described in Preparation 18) as starting materials, in rel- 
ative proportions similar to those used in that Example, to obtain the title compound. 
Ultraviolet Absorption Spectrum (hfeO), nm: 
298. 
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EXAMPLE 30 

(1R,5S,6S)-2^(2S,4S)-2-[1-Amidinopiperi^ 
methyl-1-cafbapefv2-env3-cart) xylicacid 




A procedure similar to that described in Example 13 was repeated, but using 4-nitrobenzyl (1R,5R,6S)-2- 
(diphenylphosphoryloxy)-6-[(1F^1-hydroxyeth (prepared as de- 

scribed in Preparation 32) and (2S,4S)-4-mercapto-1-(4-nitrobenzyloxycaro^ 

nyfamidino)piperidin-4-ytcarbamoyl]pyrrolidine (prepared as described in Preparation 19) as starting materials, 
in relative proportions similar to those used in that Example, to obtain the title compound. 
Ultraviolet Absorption Spectrum (H 2 0), nm: 
299. 

EXAMPLE 31 

(1R,5S,6S)-2-{(2S,4S)-2-[(3S)-1-Amidinopyrro^ 
thyi]-1-methyt-1-carbapen-2>em-3-carboxy1ic acid 




A procedure similar to that described in Example 13 was repeated, but using 4-nitrobenzyl (1R,5R,6S)-2- 
(diphenylphosphory!oxy)-6^(1R)-1-hydrox^^ (prepared as de- 

scribed in Preparation 32) and (2S,4S)^mercapto-1-(4-nitrobenzyioxy< 

cart>onylamidino)pyrrolidin-3-y1carbamoyi]pyrrolidine (prepared as described in Preparation 20) as starting 
materials, in relative proportions similar to those used in that Example, to obtain the title compound. 
Ultraviolet Absorption Spectrum (H 2 0), nrm 
299. 
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EXAMPLE 32 

(1R.5S,6S)-2K(2S,4S)-2-[1-Amidino^ 
methyl-1 -cartoapen-2-em-3-carfaoxylic acid 




A procedure similar to that described in Example 1 3 was repeated, but using 4-nitrobenzyl (1 R,5R,6S)-2- 
(diphenylphosphoryloxy)-6-[(1F^1-hydraxyethylMH^ (prepared as de- 

scribed in Preparation 32) and (2S,4S^men»pto~1-(4-nitrobenzyloxyra 

nytamkJino)azetidin-3-ytcaitamoyl]pyrrolidine (prepared as described in Preparation 21) as starting materials, 
in relative proportions similar to those used in that Example, to obtain the title compound. 
Ultraviolet Absorption Spectrum (H 2 0), Kx*x nm: 
299. 

EXAMPLE 33 

(1R,5S,6S)-2-[(2S,4S)-2-(3-Aminoazetfdirv1-ylcarb^^ 
thyM-carbapen-2-em-3-carboxylic acid hydrochloride 




33(1£4-Nitr^ 

nitrobeng^ 

late 

167 \it of diphenylphosphoric acid chloride and 140 \i£ of diisopropyiethyiamine were added dropwise at 
the same time, whilst Ice-cooling, to a solution of 278 mg of 4-nitrobenzyl (1R,5R,6S)-6-[(1R)-1-hydroxyethylJ- 
1-methyl-2-oxo-1-carbapenam-3-carboxylate in 4 ml of dry acetonitrile, and the resulting mixture was stirred 
at the same temperature for 1 hour. At the end of this time, a solution of 430 mg of (2S,4S)-4-mercapto-2-[3- 
(4-nitrobenzyloxycart>onyla/nino)aM^ (prepared as 

described in Preparation 22) in 4 ml of dry acetonitrile and 134 \x2 of diisopropyiethyiamine were added drop- 
wise at the same time to the mixture, whPst ice-cooling. The resulting mixture was then stirred at the same 
temperature for 2 hours, after which it was left to stand overnight whilst ice-cooling. The reaction mixture was 
then diluted with ethyl acetate and washed with water and with an aqueous solution of sodium chloride. The 
ethyl acetate layer was dehydrated over anhydrous magnesium sulphate and then concentrated by evaporation 
under reduced pressure. The resulting residue was subjected to silica gel column chromatography, and the 
fractions obtained by elution with a 98 : 2 by volume mixture of ethyl acetate and methanol were combined 
and concentrated by vaporation under reduced pressure, to give 224 mg of the title compound, as a powder. 
Infrared Absorption Spectrum (KBr), cnr 1 : 

1772. 1713, 1659, 1608. 1522. 1453, 1403, 1347. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dim thyl sutphoxide + DaO, 270 MHz) 5 ppm: 

1.06 - 1.27 (6H, multiplet); 

1.66 - 1.89 (1H. multiplet); 
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2.64-2.85 (1H. multiplet); 
3.08 - 3.37 (2H, multiplet); 
3.41 - 4.59 (11H, multiplet); 
5.07 - 5.52 (6H, multiplet); 
7.51 - 7.78 (6H. multiplet); 
8.23 (6H, doublet, J = 8.79 Hz). 

33(2) (1R,5S,6S)-2-[(2S,4S)-2-(3-Aminc^etidin-1-ytra 
methy1-1-carbapen-2-efTv3-cart)oxylic acid hydrochloride 

216 mg of 4-nitrobenzyl (1f^5S,6^2-{(2S,4S)-2-P-(4-nitrobenz^ 
ny1>H^nitrobenzyioxycartx)nyi)pyrrolkJin^yl^ 

boxylate [prepared as described in step (1) above] were dissolved in 10 ml of a 3 : 2 by volume mixture of tet- 
rahydrofuran and water. 250 mg of a 1 0% w/w palladium-on-carbon catalyst and 239 ui of 1N aqueous hydro- 
chloric acid were then added to the resulting solution, after which the mixture was hydrogenated at room tem- 
perature for 1 .5 hours in an atmosphere of hydrogen. At the end of this time, the catalyst was removed by fil- 
tration, and the filtrate was washed with diethyl ether. The aqueous phase was then concentrated by evapor- 
ation under reduced pressure. The resulting residue was subjected to column chromatography (Cosmosii 
75C 1flr prep, manufactured by Nacalai Tesque, 18 mJ). Of the fractions obtained by elution with water, the one 
containing the title compound was concentrated by evaporation under reduced pressure and freeze-dried to 
give 46 mg of the title compound as a powder. 
Ultraviolet Absorption Spectrum (H 2 0), nm: 
297. 

Infrared Absorption Spectrum (KBr), v™* cnrr 1 : 

1756, 1661, 1596, 1486, 1462, 1391. 1287, 1180. 
Nuclear Magnetic Resonance Spectrum (270MHz, D 2 0, internal standard: tetradeuterated sodium trimethyl- 
silylpropionate) 5 ppm: 

1 .21 (3H, doublet, J = 7.32 Hz); 

1 .29 (3H, doublet, J = 6.35 Hz); 

1.95- 2.12 (1H, multiplet); 

2.90-3.05 (1H, multiplet); 

3.29 - 3.51 (3H, multiplet); 

3.72 - 3.83 (1 H, multiplet); 

3.97- 4.10 (1H, multiplet); 

4. 1 3 - 4.86 (8H, multiplet). 

EXAMPLE 34 

(1R,5S,6S)-2-[(2S t 4S)-2-(3-Acetimkioylaminoazetid 
thyl]-1-methyl-1-carbapen-2-em-3-carboxylic acid 




34(1)4-Nitrobenzyl(1R,5S,6S)-6^1^ 

bonyQ-N-acetimidoylaminolazetid^ 

en-2-em-3-carboxylata 

0.35 ml of diphenylphosphoric acid chloride and 0.29 ml of diisbpropytethytamine w re added dropwise at 
the same time to a solution f 0.55 g of 4-nitrobenzyl (1 R,5R,6S)-6-{(1^1-hydroxyethyll-1-methyl-2-oxo-1- 
carbapenam-3-carboxytate in 10 ml of dry acetonitiile, whilst ice-cooling, and the resulting mixture was stirred 
at the same temperature for 50 minutes. At the end of this time, a solution of 0.82 g of (2S t 4S)-4-mercapto-2- 
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{S-[N-(4-nitrobenzyiaxycart^ tidin-1-ylcarbonyl)-1-(4-nitrobonzy!oxycartx)nyl)pyr- 
rolidine (prepared as described in Preparation 23) in 10 ml of dry acetonitrile and 0.24 ml of diisopropylethy- 
(amine were added dropwise at th same time to the mixture, whilst ice-coding. The resulting mixture was then 
stirred at the same temperatur for 2 hours and then at room temperature for 1 hour. At the end of this time, 

5 the reaction mixture was concentrated by evaporation under reduced pressure and the resulting residue was 
diluted with ethyl acetate and washed with water and with an aqueous solution of sodium chloride, in that order. 
The ethyl acetate layer was dried over anhydrous magnesium sulphate and concentrated by evaporation und r 
reduced pressure. The resulting residue was subjected to silica gel column chromatography (Silica gel 60 9385, 
manufactured by Merck, 200 ml), to give 0.77 g of the title compound, in the form of an amorphous powder 

10 from the fraction obtained by edition with a 95 : 5 by volume mixture of ethyl acetate and methanol. 
Infrared Absorption Spectrum (KBr), cnr 1 : 

1 773, 1 709, 1 607, 1 549, 1 522, 1 448, 1 346, 1 225. 
Nuclear Magnetic Resonance Spectrum (270MHz, CDCI 3 ) 6 ppm: 
1.27 & 1.28 (together 3H, two doublets, J = 7.33 Hz); 

15 1 .36 (3H, doublet J = 6.35 Hz); 

1.47 - 2.28 (3H, multiplet); 

2.19 & 2.22 (together 3H, two singlets); 
2.50 - 2.83 (1H, multiplet); 

3.26 - 3.52 (3H ( multiplet); 
20 3.59 - 3.78 (1 H, multiplet); 

3.70 - 4.84 (9H, multiplet); 
5.06 - 5.51 (6H, multiplet); 

7.48 - 7.66 (6H, multiplet); 
8.19- 8.23 (6H, multiplet). 

25 

34(2) (1R,5S,6S)-2-[(2S,4S)-2-(3-Acetimidoyiamino^^ 
droxyethyll-1-methyM-carbapen-2-em-3-carboxylic acid 

0.77 g of 4-nitrobenzyl (1 R,5S,6S)-6-[(1f^1-hydroxyethylH 

30 ycartranyl)-^acetimktoylamino]azet 

en-2-em-3-carboxylate [prepared as described in step (1) above] was dissolved in 15 ml of a 2 : 1 by volume 
mixture of tetrahydrofuran and water. 0.77 g of a 10% w/w palladium-on-carbon catalyst was then added to 
the resulting solution, after which the mixture was hydrogenated at room temperature for 2 hours in a hydrogen 
atmosphere. At the end of this time, the catalyst was removed by filtration, and the filtrate was washed with 

35 diethyl ether. The aqueous layer was then concentrated by evaporation under reduced pressure, and the re- 
sulting residue was subjected to reverse phase column chromatography (Cosmos! 75C 18 -prep, manufactured 
by Nacalai Tesque, 100 ml). The fraction containing the title compound and obtained by eiution with 4% by 
volume aqueous acetonitrile was concentrated by evaporation under reduced pressure and freeze-dried, to give 
0.13 g of the title compound as a powder. 

40 Ultraviolet Absorption Spectrum (H 2 0) t Ji^ nm: 
300. 

Infrared Absorption Spectrum (KBr), v^ cnr 1 : 

1755, 1633, 1591, 1463, 1389, 1286, 1262. 
Nuclear Magnetic Resonance Spectrum (270MHz, D 2 O t internal standard: tetradeuterated sodium trimethyt- 
45 silylpropionate) 6 ppm: 

1.22 (3H, doublet, J = 6.84 Hz); 

1.30 (3H f doublet, J = 6.35 Hz); 

1.64-1.74 (1H, multiplet); 

2.25 - 2.35 (3H, multiplet); 
so 2.58 - 2.70 (1 H, multiplet); 

2.98-3.04 (1H, multiplet); 

3.20 (1H, doubled doublet of doublets, J = 12.21, 5.86 & 2.44 Hz); 
3.34 -3.45 (1H, multiplet); 

3.44 (1 H, d ublet of doublets, J = 6.35 & 2.44 Hz); 
55 3.73 - 3.88 (2H, multiplet); 

4.03- 4.10 (1H, multiplet); 
4.19-4.37 (3H # multiplet); 
4.41 - 4.90 (3H, multiplet). - _ 
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EXAMPLE 35 

(1R.5S,6S)-2-[(2S,4S)-2-(3-Formtmidoylam^ 

t hyi]-1 -met hyf- 1 -carbapen-2-em-3-carboxyl ic acid 




A procedure similar to that described in Example 34 was repeated, but using 0.12 g of 4-nitrobenzyl 
(1l^5F^6S)-6-[(1f^1-hydroxyeth^ and 0.17 g of (2S,4S)-4- 

mercapto-2^3n(5^nitrobenzyloxycart» 

nyl)pyrrolidine (prepared as described in Preparation 24), to give 19 mg of the title compound as a powder. 
Ultraviolet Absorption Spectrum (H 2 0), Jt^ nm: 
301. 

Infrared Absorption Spectrum (KBr), v,^ cnr 1 : 

1754, 1645, 1592. 1463, 1388, 1319, 1289, 1262. 
Nuclear Magnetic Resonance Spectrum (270MHz, D 2 0, internal standard: tetradeuterated sodium trimethyt- 
siiylpropionate) 6 ppm: 

1.22 (3H, doublet J = 7.22 Hz); 

1.30 (3H, doublet, J = 6.33 Hz); 

1.66-1.76 (1H, multiplet); 

2.61-2.75 (1H, multiplet); 

3.01 -3.1 3(1 H, multiplet); 

3.20-3.30 (1H, multiplet); 

3.35 - 3.48 (2H, multiplet); 

3.76 - 3.98 (2H, multiplet); 

4.04- 4.13 (1H, multiplet); 

4.20 - 4.56 (4H, multiplet); 

4.61 - 4.88 (2H, multiplet); 

7.87 & 7.88 (1 H, two singlets). 

EXAMPLE 36 

(1R5S,6S)-2-[(2S,4S)-2-(3-Aminoazeti 

thyi]- 1 -met hyi- 1 -carfaa pen-2-em- 3-carboxyi ic add 




36(1) 4-Nitrobenzyi (1R,5S,6S)-6^(1RH-hydroxyethyt>1^ 

ycart>ony1amino)azetidin-1-ylcart>onyl)pyrrolidin-4-ylthi H-carbapen-2-em-3-carboxylate 

A solution of 0.42 g of (2^4S)^mert»pto-1-methy1-2-{3-(4-nito 
carbonyl]pyrrolidine (prepared as described In Preparation 25) In 10 ml of dry acetonitrie and 0.18 mi of dii- 
sopropylethyiamine were added dropwise at the same time to a solution of 0.70 g of 4-nitro benzyl (1 R.5R.6S)- 
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2-(dipheny1phosphoiYloxy)-6-[(1f^1-hydroxy^ (prepared as 

described in Preparation 32) in 14 ml of dry acetonitrile, whilst ice-cooling, and the resulting mixture was left 
to stand at the same temperature for 2 days. At the end of this time, the reaction mixture was concentrated by 
evaporation under reduced pressure and the residue was diluted with ethyl acetate and washed with water 
5 and with an aqueous solution of sodium chloride, in that order. The ethyl acetate layer was dried over anhydrous 
magnesium sulphate and then concentrated by evaporation under reduced pressure. The resulting residue was 
subjected to silica gel column chromatography (silica gel 60 9385, manufactured by Merck, 100 ml) to give 0.25 
g of the title compound, in the form of an amorphous powder, from the fractions obtained by elution with a 95 : 
5 by volume mixture of acetonitrile and methanol. 
10 Infrared Absorption Spectrum (KBr), crrr 1 : 

1771.1723,1641,1608,1522,1455,1347. 
Nuclear Magnetic Resonance Spectrum (270MHz, CDCI 3 + D 2 0) 5 ppm: 

1.27 & 1.28 (together 3H, two doublets, J = 7.33 & 6.84 Hz); 

1.36 (3H, doublet, J = 5.86 Hz); 
is 1 .85 - 2.04 (1 H, multiplet); 

2.33 & 2.37 (3H, two singlets); 

2.67 - 2.80 (2H, multiplet); 

3.03 - 3.39 (4H, multiplet); 

3.65- 3.73 (1H, multiplet); 
20 3.90 - 3.95 (1 H, multiplet); 

4.10 - 4.83 (6H, multiplet); 

5.09 - 5.52 (4H, multiplet); 

7.47 - 7.67 (4H, multiplet); 

8.15- 8.26 (4H, multiplet). 

25 

36(2) (1 R,5S,6S)-2-[(2S.4S)-2-(3-Amlnoazetidin-1-ylCT^ R)-1-hydrox- 
yet hyl}- 1 -met hyi- 1 -carbapen-2-em-3-carboxy lie acid 

0.25 g of 4-nitrobenzyl (1R,5S,6S)-6-[(1R)-1-hydroxyeth^ 

30 benzyloxycarbonytamino)azetidin-1 -ylcarbonyl)pyrrolidin-4-yithiopi-carbapen-2-em-3-cart>oxylate [prepared 
as described in step (1) above] was dissolved in 5.5 ml of a 6 : 5 by volume mixture of tetrahydrofuran and 
water, and 0.25 g of a 10% w/w palladium-on-carbon catalyst was added to the resulting solution. The mixture 
was then hydrogenated at room temperature for 90 minutes in an atmosphere of hydrogen. At the end of this 
time, the catalyst was removed by filtration, and the filtrate was washed with diethyl ether. The aqueous layer 

35 was then concentrated by evaporation under reduced pressure. The resulting residue was subjected to revers 
phase column chromatography (Cosmosil 75C 18 -prep, manufactured by Nacalai Tesque, 25 ml). Of the frac- 
tions obtained by elution with 5% by volume aqueous acetonitrile, the one containing the title compound was 
concentrated by evaporation under reduced pressure and freeze-dried, to give 0.05 g of the title compound as 
a powder. 

40 Ultraviolet Absorption Spectrum (H2O), nm; 
301. 

Infrared Absorption Spectrum (KBr), crrr 1 : 

1755, 1641, 1598, 1462, 1386, 1284, 1255. 
Nuclear Magnetic Resonance Spectrum (270MHz, D 2 0, internal standard; tetradeuterated sodium trimethyl- 
45 silylpropionate) 

1.21 (3H, doublet, J = 7.33 Hz); 
1.30 (3H, doublet J = 6.35 Hz); 
1.75 - 1.85 (1H, multiplet); 

2.46 & 2.47 (together 3H, two singlets); 
so 2.79 - 2.89 (1 H, multiplet); 

2.97- 3.07 (1H, multiplet); 

3.22 - 3.53 (4H, multiplet); 
3.90 - 4.06 (2H, multiplet); 
4.13- 4.29 (4H, multiplet); 

ss 4.35 - 4.44 (1 H, multiplet); 

4.54 - 4.84 (1 H, multiplet). 
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EXAMPLE 37 

(1R,5S,6S)-2-[(2S,4S)-2-(3-Aceti^ 

hydroxyethyf}-1-methyl-1-<autapen-2-env3-cart>oxyllc acid 




37(1) 4-Nitrobenzyl (1R t 5S,6S)^(1R)-1-hydroxyeth^ 

zyloxycartx>nyi)-N-acetimidoylamino]azetkjln-1-yicartK)ny<)pyrroH 

late 

A solution of 435 mg of (2S,4S)-4-mercapto-1-methyl-2-{3-^ 
mino^azetidin-1-ylcarbonyf pyrrolidine (prepared as described in Preparation 26) in 4 ml of dry acetonitrile and' 
1 74 uf of diisopropylethylamine were added dropwise at the same time to a solution of 595 mg of 4-nitrobenzyi 
(1 R^5R^6S)-2-(diphenyiphosphoryloxy)-6-[(1 R)- 1 -hydroxyet hyi]- 1 -methyl- 1 -carbapen-2-em-3-carboxyiate 
(prepared as described in Preparation 32) in 10 ml of dry acetonitrile, whilst ice-cooling, and the resulting mix- 
ture was allowed to react at the same temperature for 20 minutes. It was then left to stand at room temperature 
for 3 hours and then in a refrigerator overnight At the end of this time, the reaction mixture was diluted with 
ethyl acetate and washed with water and with an aqueous solution of sodium chloride, in that order. The ethyl 
acetate layer was then dried over anhydrous magnesium sulphate and concentrated by evaporation.under re- 
duced pressure. The resulting residue was subjected to silica gel column chromatography and the fractions 
obtained by elution with a 2 : 2 : 1 by volume mixture of methylene chloride, ethyl acetate and methanol were 
combined and concentrated by evaporation under reduced pressure, to give 464 mg of the title compound, as 
a powder. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1771. 1690, 1607, 1549. 1521, 1455, 1378, 1346. 
Nuclear Magnetic Resonance Spectrum (270MHz, DMSO-d« + D 2 0) 6 ppm: 

1.16 (6H, doublet, J = 6.83 Hz); 

1.59 - 1.74 (1H, multiplet); 
2.11 (3H. singlet); 

2.29 (3H, broad singlet); 
2.54 -3.1 9 (3H f multiplet); 

3.27 (1 H, doublet of doublets, J = 6.35 & 2.44 Hz); 
3.32- 4.27 (8H, multiplet); 
4.42 - 4.60 (2H, multiplet); 
5.11 -5.49 (4H, multiplet); 

7.60 & 7.61 (together 2H, two doublets, J = 8.79 Hz); 
7.70 & 7.72 (together 2H, two doublets, J = 8.79 Hz); 
8.16- 8.28 (4H ( multiplet). 

37(2) (1R.5S t 6S)-2-[(2S,4S)-2-(3-Ac»timkloy^ 

[(1 RH -hydroxyethylH-methyM -carbapen-2-em-3-carboxylic acid 

453 mg of 4-nitro benzyl (1F^5^6S)-6-[(1F^1-hydroxyeth^ 
trobenzytoxycartx)nyl)-^acetimidoylamino 

ylate [prepared as d scribed in step (1) above] were dissolved in 21 ml of a 2 : 1 by volume mixture of tetra- 
hydrofuran and water, and 500 mg of a 1 0% w/w palladium-on-carbon catalyst were added to th resulting sol- 
ution. The mixture was then hydrogenated at room temperature for 1.5 hours in an atmosphere of hydrogen. 
The catalyst was then removed by f Btration, and the filtrate was washed with diethyl ether. The aqueous layer 
was concentrated by evaporation under reduced pressure. The residue was subjected to reverse phas column 
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chromatography (Cosmosil 75C 18 -prep, manufactured by Nacalai Tesqu , 40 ml). Of the fractions obtained by 
edition with 8% by volume aqueous acetonitrfle, the on containing the title compound was concentrated by 
evaporation under reduced pressure and freeze-dried, to give 166 mg of the title compound as a powd r. 
Ultraviolet Absorption Spectrum (H 2 0), ^ nm: 
301. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1757, 1633, 1592, 1462, 1386, 1335, 1284, 1256. 
Nuclear Magnetic Resonance Spectrum (270MHz, D 2 O t internal standard: tetradeuterated sodium trimethyl- 
silylpropionate) 6 ppm: 

1.21 (3H, doublet, J = 6.83 Hz); 

1.30 (3H, doublet J = 6.35 Hz); 

1.64- 1.78(1 H, multiplet); 

2.27 (3H, singlet); 

2.29 (3H, singlet); 

2.63 - 2.85 (2H, multiplet); 

3.01 - 3.21 (2H, multiplet); 

3.27 - 3.46 (2H, multiplet); 

3.75- 3.88 (1H, multiplet); 

4.00- 4.10 (1H, multiplet); 

4.15- 4.96 (6H, multiplet). 

EXAMPLE 38 

(1 R,5S,6S)-2-[(2S t 4S)-2-(3-Formimidoy^ 
hydroxyethyQ-1-methyl-1-carbapen-2-em-3-carboxylic acid 




A procedure simaar to that described in Example 37 was repeated, but using 0.35 g of 4-nitrobenzyl 
(1 R,5F^6S)-2-(dlphenyf phosphorylox^^ 

(prepared as described in Preparation 32) and 0.22 g of (2S,4S)U-mercapto-1-methyl-2^3-[N-(4-nitrobenzy- 
loxycarbonyl)-^formimkjoylamino]azetidin-1-y1carbony1}pyrrolidine (prepared as described in Preparation 
27), to give 1 7 mg of the title compound as a powder. 
Ultraviolet Absorption Spectrum (H 2 0), nm: 
302. 
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EXAMPLE 39 

(1R,5S,6S)-6-[(1RH-Hydroxyet^ 

ylcart)ony1lpyrfDlidin^ylthk)>-1-carfaapen-2-em-3-cart)oxylate hydrochloride 




39(1)4-Nitrobenzyl(1R,5S,6S)^(1R^ 
[(3S)-3^1-1 t 2 t 4~ti1azoly1H-py^ 

486 mg of 4-nitrobenzyl (1R,5F^6S)-e-[(1f^1-hydroxyethyiH-^ 
late were dissolved in 5 ml of dry acetonitrile, and 379 mg of diphenylphosphoryl chloride and 1 82 mg of dik 
sopropyiethylamine were added dropwise, with ice-cooling, to the resulting solution. The mixture was then stir- 
red at the same temperature for 1 hour. At the end of this time, a solution of 173 mg of diisoproylethylamin 
and 690 mg of (2^4S)-4-merapto-2-[(3S)-3^ 

carbonyi)pyrro(idine (prepared as described in Preparation 28) in 4 ml of dry acetonitrile was added dropwise 
with ice-cooling, to the resulting mixture, and the mixture was stirred at the same temperature for 6 hours. The 
solvent was then removed by distillation under reduced pressure, and the resulting residue was dissolved in 
ethyl acetate. The resulting solution was then washed with water, with an aqueous solution of sodium hydro- 
gencarbonate, again with water and finally with a saturated aqueous solution of sodium chloride. The aqueous 
layer was extracted with methylene chloride, and the aqueous layer was combined with the washings and dried 
over anhydrous magnesium sulphate. The solvent was removed by distillation under reduced pressure, and 
the residue was purified by silica gel column chromatography, using a 5 : 1 by volume mixture of ethyl acetate 
and methanol as the eluent, to obtain 744 mg of the title compound, as a powder. 
Infrared Absorption Spectrum (KBr), v^ cnr 1 : 

1772, 1709. 1655, 1607. 1522, 1346, 854, 738. 
Nuclear Magnetic Resonance Spectrum (270MHz, hexadeuterated dimethyl sulphoxide + 0 2 O) 6 ppm: 

1.50-1.80 (1H, multiset); 

2.20 - 2.50 (2H, multiplet); 

2.70 - 2.95 (2H. multiplet); 

3.10 - 4.30 (12H, multiplet); 

4.45 - 4.75 (1H, multiplet); 

5.00 - 5.50 (4H, multiplet); 

7.45 - 7.78 (4H, multiplet); 

7.80-8.00 (1H, multiplet); 

8.15- 8.28 (4H, multiplet); 

8.50- 8.60 (1H, multiplet). 

39(2) (1R,5S,6S)-6-r(1RH-Hydroxyeth^ 
din-1-ylcart>onyllpyrrolidin-4^ 

528 mg of 4-nitrobenzyl (1R,5S,6S)-6-[(1f^1-hydroxyeth^ 
bonyl)-2-[(3S)-3-(1-1 f 2,4-Wa^ 

[prepared as described in step (1) above] were dissolved In 6 ml of dry acetonitrile, and 121 mg of methyl tri- 
fluoromethanesulphonate were added to the resulting soluti n, whilst Ice-cooling, after which the mixture was 
stirred at the same temperature for 30 minutes. The powdery product obtained by evaporation of th solvent 
was dissolved in a mixture of 7 ml of tetrahydrofuran and 5 ml of water, after which the mixture was hydrogen- 
ated at room temperature for 1 hour in the presence of 1 g of a 10% w/w palladium-on-carbon catalyst At the 
end of this time, the catalyst was removed by filtration and the tetrahydrofuran was distilled off under reduced 
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pressure. The aqueous layer was then washed with diethyl ether and concentrated by evaporation under re- 
duced pressure, after which it was subjected to ion exchange column chromatography (Dowex 1 -X4, 50 to 1 00 
mesh, C1 FORM, manufactured by Oow Chemical), using water as the eluent The fracti ns containing th 
title compound were collected and concentrated to 1.5 ml by evaporation under reduced pressure. 
5 The concentrated aqueous solution was applied to a column (Cosmosl 75C 1 *-prep, manufactured by Na- 

calai) and eluted with water. The fractions containing the title compound were combined, concentrated by evap- 
oration under reduced pressure and freeze-dried, to obtain 85 mg of the title compound as a colourless powder. 
Ultraviolet Absorption Spectrum (H 2 0), nm: 
296.7. 

10 Infrared Absorption Spectrum (KBr), cnr 1 : 

3394, 1758, 1655, 1586, 1460. 1373. 
Nuclear Magnetic Resonance Spectrum (270MHz, D 2 O f internal standard: tetradeuterated sodium trimethyt- 
silylpropionate) 6 ppm: 

1.18-1.23 (3H,m), 1.27-1.30 (3H, multiplet); 
15 1.95 - 2.11 (1H, multiplet); 

2.40 - 2.80 (2H, multiplet); 

2.95- 3.20 (1H, multiplet); 

3.30-3.40 (1H, multiplet); 

3.40 - 3.54 (2H, multiplet); 
20 3.70 - 3.85 (2H ( multiplet); 

3.85 - 4.05 (3H, multiplet); 

4.05- 4.15 (3H, multiplet); 

4.15- 4.30 (2H, multiplet); 

4.70 - 4.85 (2H, multiplet); 
25 5.45 - 5.60 (1H. multiplet); 

8.84 & 8.87 (together 1H, two singlets) 

EXAMPLE 40 

30 (1R.5S,6S)-6-[(1R)-1-HydroxyethylH-meth^ 

nyl]pyrrolldin-4-ylthio}-1-<^rbapen-2-em-3-carboxylate hydrochloride 



35 



40 




40(1)4-Nitrobenzyl (1R,5S,6S)-6^(1RH-hydroxyethy1H-m^ 
dinylrart>onylH-(4-nttrobenzy1ox^ 

45 

886 mg of 4-nitrobenzyi (1£5f^6S)-2-(diphenylphosphoryiQx^ 
bapen-2-em-3-carboxylate (prepared as described in Preparation 32) was dissolved in 1 0 ml of dry acetonitrile, 
and 0.26 ml of diisopropylethylamine and 873 mg of (2S,4S>-4-mercapto-2^(1-1 ( 2,4-triazolyl)-1-azetidiny^ 
carbonyl]-1-(4-nitrobenzy1oxy(^^nyl)-pyrrolidine (prepared as described in Preparation 29) dissolved in 5 ml 

so of acetonitrile were added dropwise at the same time to the resulting solution, whilst ice-cooling. The mixture 
was then stirred at the same temperature for 3 hours. At the end of this time, the solvent was removed by 
distfllation under reduced pressure, and the residue was diluted with ethyl acetate. The resulting mixture was 
washed with water, with an aqueous solution of sodium hydrogencarbonate, with water and with a saturated 
aqueous solution of sodium chloride. Th aqueous layer was dried over anhydrous magnesium sulphate and 

55 then concentrated by evaporation under reduced pressure. The residue was purified by silica gel column chro- 
matography, using a gradient elution method, with mixtures of ethyl acetate and methanol ranging from 6 : 1 
to 4 : 1 by volume as the eluent to obtain 661 mg of th title compound, as a powder. 
Infrared Absorption Spectrum (KBr), Vmn cnr 1 : 
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3402, 1709, 1665, 1608, 854, 738. 
Nuclear Magnetic Resonance Spectrum (270MHz, hexadeuterated dimethyl sulphoxide) 6 ppm: 



10 



5 



1.10-1.30 (6H, multiplet); 
1.75-1.90 (1H. multiplet); 
2.70-2.85 (1H, multiplet); 
3.55-3.65 (1H, multiplet); 
3.20 - 5.10 (12H, multiplet); 
5.15 - 5.55 (5H, multiplet); 
7.55 - 7.80 (4H, multiplet); 
7.95- 8.10 (1H, multiplet); 



8.20 - 8.30 (4H, multiplet); 
8.55- 8.75 (1H, multiplet). 

40(2) (1R,5S,6S)-6-r(1RH-HydroxyethylH-m^ 
15 cart>onytlpyrrolk<in^ylthio>-1-carbapen-2-enr>-3-carfaoxylate hydrochloride 

660 mg of 4-nitrobenzyl (1f^5S,6S)-6-[(1RH-hydroxyethyl^ 
1-azetidinytcarbonylH-(4-nitrobenzyloxycai^ [pre- 
pared as described in step (1) above] were dissolved in 7 mi of dry acetonitrfle, and 154 mg of methyl trifluor- 

20 omethanesulphonate were added to the resulting solution, whilst ice-cooling. The mixture was then stirred at 
the same temperature for 30 minutes. At the end of this time, the powdery product obtained by evaporation- 
of the solvent under reduced pressure was dissolved in a mixture of 14 ml of tetrahydrofuran and 14 ml of water, 
and the mixture was hydrogenated at room temperature for 1 hour in the presence of 1.6 g of a 10% w/w pal- 
ladium-on-carbon catalyst and in an atmosphere of hydrogen. The catalyst was removed by f Qtration and the 

25 tetrahydrofuran was removed by distillation under reduced pressure, after which the aqueous layer was washed 
with diethyl ether. The aqueous layer was then concentrated by evaporation under reduced pressure, and then 
subjected to ion exchange column chromatography (Dowex 1-X4, 50 to 100 mesh, C1 FORM, manufactured 
by Dow Chemical) using water as the eluent The fractions containing the title compound were collected and 
concentrated by evaporation under reduced pressure. 

30 The aqueous solution was applied to a column (Cosmosil 75C 18 -prep, manufactured by Nacalai) and eluted 

with water. The fractions containing the title compound were combined, concentrated by evaporation under 
reduced pressure and freeze-dried, to obtain 139 mg of the title compound as a colourless powder. 
Infrared Absorption Spectrum (KBr), cnr 1 : 
3390, 1759, 1664, 1586, 1455, 1369. 

35 Nuclear Magnetic Resonance Spectrum (270MHz, D 2 0, internal standard: tetradeuterated sodium trimethyl- 
silylpropionate) 6 ppm: 

1.21 (3H, doublet, J = 5.99 Hz); 
1 .29 (3H. doublet J = 6.29 Hz); 
1 .80 - 2.20 (2H, multiplet); 

40 2.90 - 3.1 0 (1 H, multiplet); 



45 



3.30 
3.40 
3.75 
4.20 
3.90 
5.45 
5.70 
8.96 



-3.40 (1H, multiplet); 
-3.50 (1H, multiplet); 
-3.80 (1H, multiplet); 

- 4.30 (2H, multiplet); 

- 5.20 (8H, multiplet); 
-5.65 (1H, multiplet); 
-5.80 (1H, multiplet); 



& 8.97 (together 1H, two singlets). 



50 
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EXAMPLE 41 

(1R,5S,6S)-6-[(1RH-HydroxyethylH-met^ 
rolidin-4-y1thiol-1-carbapen-2-em-3-carfaoxy!ate hydrochloride 




41 (1 ) 4-Nitro benzyl (1 R,5S,6S)-2^(2S,4S)-2-(3^tmethylaminoazetM 
bonyl)pyrrolidin^yithio]-6-[(1R)-1-hydroxyethy1l-1-methy1-1-cait>aper^^ 

A solution of 0.98 g of (2S,4S)-2-(3-dimethylaminoazetidirM-ylca^ 
ycarbonyl)pyrrolidine (prepared as described in Preparation 30) dissolved in 20 ml of dry acetonitrile and 0.418 
ml of diisopropylethytamine were added dropwise at the same time, whilst fee-coding, to a solution of 1.43 gr 
of 4-nitrobenzyl (1F^5^6S)-2-(dipheny1phosphoryloxy)-6-[(1]^1-hydroxye^^ . 
3-carboxyiate (prepared as described in Preparation 32) in 25 ml of dry acetonitrile. The mixture was then stir- 
red at the same temperature for 2 hours, after which it was left to stand in a refrigerator overnight The reaction 
mixture was then concentrated by evaporation under reduced pressure, and the resulting residue was diluted 
with ethyl acetate; the resulting mixture was washed with water and then with an aqueous solution of sodium 
chloride. The ethyl acetate layer was dried over anhydrous magnesium sulphate and then concentrated by 
evaporation under reduced pressure. The residue was purified by silica gel column chromatography and the 
fractions obtained by elution with a 75 : 25 by volume mixture of ethyl acetate and methanol were combined 
and concentrated by evaporation under reduced pressure, to obtain 1.16 g of the tide compound, as a powder. 
Infrared Absorption Spectrum (KBr), enr 1 : 

1774, 1712, 1663, 1607, 1522, 1456, 1404, 1346. 
Nuclear Magnetic Resonance Spectrum (270MHz, CDCI 3 + D 2 0) 6 ppm: 

1.26 (3H, doublet, J = 7.11 Hz); 

1.36 (3H, doublet J = 6.13 Hz); 

2.00 -2.1 8 (1H, multiplet); 

2.10, 2.14, 2.25 & 2.28 (together 6H. four singlets); 

2.51 -2.73(1 H, multiplet); 

2.86 - 4.56 (1 3H, multiplet); 

5.08 - 5.54 (4H, multiplet); 

7.50 (2H. doublet J ■ 8.57 Hz); 

7.65 (2H, doublet J = 8.57 Hz); 

8.23 (4H, doublet J = 8.57 Hz). 



41(2) (1R,5S,6SV6-[(1RH-Hydroxyethyf>1-meth^^^ 
nyl)pyrrolidin-4-ylthio}-1-carbapen-2-em-3-cart)oxylate hydrochloride 

1.00 g of 4-nitrobenzyl (1F^5S,6S)-2-[(2^4S)-2-(3-dimethytaminoazetid^ 
loxycart>onyi)pyrrolidirv4-yUhio}-6-[(1F^1-^ [prepared 
as described in step (1) above] was dissolved in 12 ml of dry acetonitrile, and 243 mg of methyl triflubrome- 
thanesufphonate were added to the resulting solution, whilst ice-cooling, after which the mixture was stirred 
at the same temperature for 1 hour. At th end of this time, th solvent was removed by distillati n under re- 
duced pressure, and th resulting powdery product was dissolved in a mixture of 20 ml of tetrahydrofuran and 
20 ml f water. The mixture was then hydrogenated at room temperature for 2 hours in the presence of 1.00 
g of a 10% w/w palladium-on-carbon catalyst and in an atmosphere of hydrog n. Th catalyst was th n re- 
moved by filtration, th filtrate was washed with diethyl ether. The resulting aqueous phase was concentrated 
by evaporation under reduced pressure. The residue was subjected to ion exchange column chromatography 
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(D wex 1-X4, 50 to 100 mesh, C1~ model, manufactured by Dow Chemical) using water as the elu nt The 
fraction containing the title compound was concentrated by evaporation under reduced pressure and subj cted 
to reverse phase column chromatography (Cosmosit 75C 18 -prep, manufactured by Nacalai Tesque) and efuted 
with water. The fractions containing the title compound were concentrated by evaporation under reduced pres- 
5 sure and freeze-dried, to obtain 265 mg of the titi compound as a powder. 
Ultraviolet Absorption Spectrum (H 2 0) t nm: 
296. 

Infrared Absorption Spectrum (KBr), cnrr 1 : 

1758, 1665, 1594, 1482, 1373, 1285, 1255, 1145. 
10 Nuclear Magnetic Resonance Spectrum (270MHz, D 2 O t internal standard: tetradeuterated sodium trimethyl- 
silylpropionate) 5 ppm: 

1.21 (3H, doublet, J = 7.17 Hz); 

1.28 (3H, doublet, J = 6.29 Hz); 

1.98-2.09 (1H, multiplet); 
15 2.93 - 3.05 (1 H, multiplet); 

3.21 & 3.22 (together 9H, two singlets); 

3.32 - 3.50 (3H, multiplet); 

3.78 (1H, doublet of doublets, J = 12.26 & 6.60 Hz); 
4.01 -4.12(1H, multiplet); 
20 4.20 - 4.29 (2H, multiplet); 

4.43 - 4.85 (6H, multiplet). 

EXAMPLE 42 

25 (1R,5S,6S)-6-[(1RH-HydroxyethylW 

1-methyl-1-carbapen-2-em-3-carboxylic acid 



30 



35 




42(1) 4-Nitrobenzyl (1R.5S,6S)-6-{(1 RH-hydroxyethyl>2^(2S,4S)-2-P^1^^ 
1-(4-nitro be nzyloxycartoonyl) pyrrol id i 

40 

A solution of 3. 1 0 g of (2S,4S)-2-{3-( 1 -imidzolyQazetid in-1 -ylcarbonyl)-4-mercapto- 1 -(4- n itrobenzyloxycar- 
bony1)pyrrolidine (prepared as described in Preparation 31) dissolved in 25 ml of dry acetonitnle and 1.25 ml 
of diisopropytethylamine were added dropwise at the same time, whilst ice-cooling, to a solution of 4.27 g of 
4-nitrobenzyl (1F^5F^6§)-2^diphenylphosphory|oxy}^[(1 

45 carboxytate (prepared as described in Preparation 32) in 55 ml of dry acetonitnle. The resulting mixture was 
left to stand at the same temperature for 1 hour and then in an refrigerator overnight At the end of this tim , 
the reaction mixture was concentrated by evaporation under reduced pressure, and the resulting residue was 
diluted with ethyl acetate. The mixture thus obtained was washed with water and then with an aqueous solution 
of sodium chloride. The resulting ethyl acetate solution was dried over anhydrous magnesium sulphate and 

so then concentrated by evaporation under reduced pressure. The residue was applied to a silica gel chromatog- 
raphy column, and the fractions obtained by elution with a 7 : 7 : 6 by volume mixture of methylene chloride, 
ethyl acetate and methanol were combined and concentrated by evaporation under reduced pressure, to obtain 
2.94 g of the title compound, as a powder. 
Infrared Absorption Spectrum (KBr), Vm, cnrr 1 : 

S5 1772, 1708, 1667, 1607, 1522, 1449, 1403, 1346, 1209. 

Nuclear Magnetic Resonance Spectrum (270MHz, CDCI 3 + 0 2 O) 6 ppm: 
1.27 (3H, doublet, J = 7.19 Hz); 
1.36 (3H, doublet, J = 6.14 Hz); - 
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2.15 - 5.55 (19H, multipJet); 
7.10- 8.28 (11 H, multiplet). 

42(2) (1F^5S,6S)-6-[(1RH-Hydroxyet^^ 

yl t hio}- 1 -met hyt- 1 -carfaape n-2-em- 3-carboxyl ic acid 

0.25 g of 4-nitrobenzyl (1 R,5^6S)-6-{(1 R)-1-hydroxyethyl>2-[(2S,4S)-2-I3-(1-lm 
bonyl]-1-(4-nltrobenzy1oxyca^ [prepared 
as described In step (1) above] was dissolved in a mixture of 7.5 ml of tetrahydrofuran and 7.5 ml of water, and 
0.25 g of a 10% w/w palladium-on-carbon catalyst was added to the resulting solution, after which the mixture 
was hydrogenated at room temperture for 1 .5 hours in an atmosphere of hydrogen. At the end of this time, the 
catalyst was removed by filtration and the filtrate was washed with diethyl ether. The resulting aqueous layer 
was then concentrated by evaporation under reduced pressure, and the residue was subjected to revers 
phase column chromatography (Cosmostl 75C 1(r prep, 30 g, manufactured by Nacalai Tesque). Of the fractions 
obtained by elution with 7% by volume aqueous acetonitrile, the fraction containing the title compound was 
concentrated by evaporation under reduced pressure and freeze-dried. to obtain 70 mg of the title compound 
as a powder. 

Ultraviolet Absorption Spectrum (H 2 0), )u nm: 
297. 

Infrared Absorption Spectrum (KBr), cnrr 1 : 

1757, 1660, 1598, 1466, 1383, 1285, 1255, 1181, 1149. 
Nuclear Magnetic Resonance Spectrum (270MHz, D 2 0, internal standard: tetradeuterated sodium trimethyl- 
silylpropionate) 5 ppm: 

1.22 (3H, doublet. J = 7.12 Hz); 

1 .30 (3H, doublet. J = 6.27 Hz); 

1.90 - 2.02 (1H, multiplet); 

2.84-2.95 (1H, multiplet); 

3.29 - 3.50 (3H, multiplet); 

3.56 - 3.65 (1H, multiplet); 

3.91-4.03 (1H, multiplet); 

4.20 - 4.43 (4H, multiplet); 

4.50 - 5.45 (4H, multiplet); 

7.22 & 7.23 (together 1H, two singlets); 

7.54 (1H, singlet); 

8.12 (1H, singlet). 

EXAMPLE 43 

(1R,5S,6S)-6-[(1RH-Hydroxyethyl^ 

nyt]pyrrolidirM-ylthio)-1-cart)apen-2-enfv3-<^u1)oxyiate hydrochloride 




1 .72 g of 4-n rtro benzyl (1 R,5S,6S)-6-[( 1 R)-1 -hydroxyethy1}-2-[(2S,4S)-2-{3-(1 -imidazolyl)azetidin- 1 -ylcar- 
bony1}-1-(4-nitrobenzyloxycarb nyl)pyrrolidin-4-ylthio}-1-methyl-1-carbapen-2-efTv3-cartox^a^ [prepared 
as described in Exampl 42(1)] were dissolved in 18 ml of dry acet nitrfl , and 0.28 ml of methyl trifluorome- 
thanesulphonate was added to the resulting solution, whflst ice-cooling. Th mixture was then stirred at the 
same temperature for 1 hour. At the end of this time, the solvent was removed by distillation und r reduced 
pressure, and the powdery product thus obtained was dissolved in a mixture of 30 ml of tetrahydrofuran and 
30 ml of water. The mixture was then hydrogenated at room temperture for 2 hburs in the presence of 2.10 g 
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of a 1 0% w/w palladium-on-carbon catalyst and In an atmosphere of hydrog n. Th reaction mixture was then 

treated, purified and freeze-drfed in the same manner as described in Example 40(2), to obtain 383 mg of the 

title compound as a colourless powder. 

Ultraviolet Absorption Spectrum (H 2 0), nm: 
5 296. 

Infrared Absorption Spectrum (KBr), crrr 1 : 

1759, 1664, 1597, 1561, 1466, 1373, 1284, 1184, 1147. 

Nuclear Magnetic Resonance Spectrum (270MHz, D 2 0, internal standard: tetradeuteratad sodium trimethyl- 

silylpropionate) 5 ppm: 
10 1.21 (3H, doublet J = 7.21 Hz); 

1 .29 (3H, doublet J - 6.38 Hz); 
2.00 -2.14 (IH.multiplet); 
2.93- 3.05(1 H f multiplet); 

3.30 - 3.51 (3H, multiplet); 
15 3.73 - 3.82 (1 H, multiplet); 

3.92 (3H, singlet); 
4.01 -4.10 (IH.multiplet); 
4.20 - 4.30 (2H, multiplet); 
4.38-4.47 (1H, multiplet); 
20 4.55 - 4.96 (4H, multiplet); 

5.45 - 5.55 (1H, multiplet); 

7.55 (1H, singlet); 

7.80 (1H, singlet); 

9.00, 9.02 (1H, two singlets). 

25 

EXAMPLE 44 

(1R.5S,6S)-2-[(2S,4S)-2-{3-[3-(2-Fluoroeth^ 

1-hydroxyethyl]-1 -methyl-1-carbaperv2-em-3-carboxylate hydrochloride 

30 




0.87 g of 4-nitrobenzyl (1 R,5S,6S)-6-[(1 R)-1 -hydroxyet hyl}-2-[(2S,4S)-2-[3-{1 -imWazolyi)azetidin- 1 -yicar- 
bonyI]-1-(4-nitrobenzyioxycarbony1)^ [prepared 
as described in Example 42(1)] were dissolved In 10 ml of dry acetonitrle, and 0.63 ml of 1-bromo-2-fluoro- 
et hane, 0.84 g of sodium iodide and 80 ml of sodium carbonate were added to the resulting solution, after which 

45 the mixture was heated under reflux for 14 hours. At the end of this time, Insolubles were filtered off and the 
filtrate was concentrated by evaporation under reduced pressure. The resulting residue was washed by repeat- 
ed decantation with, in turn, methylene chloride and diethyl ether. It was then dried by evaporation under re- 
duced pressure to obtain 0.494 g of a powder. The whole of this compound was dissolved in a mixture of 12.5 
ml of tetrahydrofuran and 12.5 ml of water. 0.48 g of a 10% w/w palladium-on-carbon catalyst was then added 

so to the solution, after which the mixture was hydrogenated at room temperature for 1 hour. At the end of this 
time, the reaction mixture was treated, purified and freeze-dried in the same manner as described in Example 
40(2) to obtain 42 mg of the title compound as a colourless powder. 
Ultraviolet Absorption Spectrum (H 2 0), nm: 
297. 

55 Infrared Absorption Spectrum (KBr), crrr 1 : 

1759, 1664. 1597. 1563, 1467. 1374. 1284, 1222, 1183. 
Nuclear Magnetic Resonance Spectrum (270MHz, D^O, internal standard: tetradeuteratad sodium trimethyl- 
silylpropionate) 6 ppm: 
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1.21 (3H, doublet, J = 6.97 Hz); 
1.28 (3H. doubl t, J = 6.28 Hz); 
2.02- 2.14 (1H, multiplet); 
2.93 - 3.07 (1 H, multiplet); 
3.31 - 3.51 (3H, multiplet); 
3.74- 3.83 (1H t multiplet); 
4.02- 4.10 (1H, multiplet); 
4.20- 4.30 (2H t multiplet); 
4.41-4.49 (1H, multiplet); 
4.54 - 4.98 (9H, multiplet); 
5.48 - 5.59 (1H, multiplet); 
7.68 (1H, singlet); 
7.88 (1H, singlet); 
9.15 & 9.17 (1H, two singlets). 

EXAMPLE 45 

(1 R,5S,6S)-2-[(2S,4S)-2-(3-Dimeth^ R)-1 -hydroxy ethyl]- 

1-methyM-carbapen-2-ern-3-carboxylic acid 




0.75 g of 4-nitrobenzyl (1^5S f 6^-2-[(2^4S)-2-(3-dimethylaminoazetidirh1-ylcai1)onyl)^1-(4-nrtrobenzy^ 
loxycart>onyl)pyrrolidin-4-yUhio]-6-[(1^^ [prepared 
as described in Example 41(1)] was dissolved in a mixture of 21 ml of tetrahydrofuran and 14 ml of water, and 
0.75 g of a 1 0% w/w palladium-on-carbon catalyst was added to the resulting solution, after which the mixture 
was hydrogenated at room temperture for 1 .5 hours in an atmosphere of hydrogen. At the end of this time, the 
catalyst was removed by filtration and the f Qtrate was washed with diethyl ether. The resulting aqueous solution 
was then concentrated by evaporation under reduced pressure, after which the residue was subjected to re- 
verse phase column chromatography (Cosmosil 75C 18 -prep, 25 g, manufactured by Nacalai Tesque). Of the 
fractions obtained by elution with 7% by volume aqueous acetonitrile, the fraction containing the title compound 
was concentrated by evaporation under reduced pressure and freeze-dried, to obtain 171 mg of the title com- 
pound as a powder. 

Ultraviolet Absorption Spectrum (H 2 0), nm: 
299. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1757, 1653, 1599, 1462, 1385, 1284, 1259, 1150. 
Nuclear Magnetic Resonance Spectrum (270MHz, D 2 O t internal standard: tetradeuterated sodium trimethyl- 
silyfpropionate) 6 ppm: 

1 .22 (3H, doublet, J = 7.22 Hz); 

1 .30 (3H, doublet, J = 6.40 Hz); 

1.83- 1.92 (1H, multiplet); 

2.41 (3H, singlet); 

2.45 (3H, singlet); 

2.78-2.89 (1H, multiplet); 

3.26 (1H, doublet f doublets, J = 12.14 & 4.90 Hz); 
3.34 - 3.73 (4H, multiplet); 
3.89 - 4.06 (2H, multiplet); 
4.19- 4.33 (5H, multiplet); 
4.43 - 4.54 (1H. multiplet). 
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EXAMPLE 46 

(1 R,5S t 6SV2-[(2S,4S)-2^3-[ISMCaito ]azetidin-1-ylcarb nyl}pyrrolidin-4- 

ylthio]^^(1R>-1-hydroxyethytl-lHnethyt-1-carbapen-2-erTv3-cart>oxylate hydrochloride 



10 




0.60 g of 4-nitrobenzyl (1£5S,6S)-2-[(2S,4S>2-(3-dimethylamino^ 
loxycarbonyl)pyrrolidir*4-ylthio}-6-[(1^ 

as described in Example 41(1)] was dissolved in 8 ml of dry acetonitrte, and 0.74 g of 2-kxtoacetamide was 
added to the resulting solution, after which the mixture was stirred at 70°C for 2 hours. At the end of this time, 

20 the solvent was removed by distillation under reduced pressure, and the resulting residue was washed by re- 
peated decantation, in turn, with methylene chloride and with diethyl ether. It was then dried by evaporation, 
under reduced pressure to obtain 0.90 g of a powder. The whole of this compound was dissolved in a mixture 
of 24 ml of tetrahydrofuran and 16 ml of water. 0.95 g of a 10% w/w palladium-on-carbon catalyst was then 
added to the solution, after which the mixture was hydrogenated at room temperature for 1.5 hours in an at- 

25 mosphere of hydrogen. 

The reaction mixture was then treated, purified and freeze-dried in the same manner as described in Ex- 
ample 40(2), to obtain 156 mg of the title compound as a colourless powder. 
Ultraviolet Absorption Spectrum (H 2 0), X mMX nm: 
297. 

30 Infrared Absorption Spectrum (KBr), cnr 1 : 

1767, 1701, 1607, 1521, 1445, 1404, 1346, 1170. 
Nuclear Magnetic Resonance Spectrum (270MHz, 0 2 O, internal standard: tetradeuterated sodium trimethyl- 
silyfpropionate) 5 ppm: 

1.21 (3H, doublet J = 7.18 Hz); 
35 1 .29 (3H, doublet, J » 6.37 Hz); 

1.98 - 2.10 (1H, multiplet); 

2.93-3.04 (1H, multiplet); 

3.38 & 3.40 (together 6H, two singlets); 

3.30 - 3.50 (3H, multiplet); 
40 3.74 - 3.80 (1 H, multiplet); 

4.01 -4.10(1H, multiplet); 

4.1 5 -4.30 (4 H, multiplet); 

4.43 - 4.88 (5H t multiplet); 

4.94 - 5.03 (1H, multiplet). 
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EXAMPLE 47 

(1 R,5S,6S)-2-[(2S,4S)-2-{3-[(2-Fluoroethyl)dimethy1amnx)ni ]azetidin-1-ylcartx)ny1)pyrrolldln-4-yfthi 1-6- 
[(1R)-1-hydroxyethyll-1-methyl-1-carbapen-2-em-a-cart) xylate hydrochloride 




715 mg of 4-nitrobenzyl (1R,5S,6S)-2-{(2S,4S)-2-(3-dimethylamta 
zy1oxycarbonyl)pyrrolkJin^ylthk>]-^ [pre- 
pared as described In Example 41(1)] were dissolved in 7 ml of dry acetonitrte, and 1.22 g of 1-bromo-2-f1u- 
oroethane, 721 mg of sodium iodide and 67 mg of sodium carbonate were added to the resulting solution, after 
which the mixture was heated under reflux for 23 hours. At the end of this time, fnsolubles were filtered off 
and the filtrate was concentrated by evaporation under reduced pressure. The resulting residue was washed- 
by repeated decantation, in turn, with methylene chloride and eith diethyl ether, and the mixture was dried by 
evaporation under reduced pressure to obtain 400 mg of a powder. The whole of this compound was dissolved 
in a mixture of 8 ml of tetrahydrofuran and 8 ml of water. 0.40 g of a 10% w/w palladium-on-carbon catalyst 
was added to the solution, after which the mixture was hydrogenated at room temperature for 1 .5 hours in an 
atmosphere of hydrogen. The reaction mixture was then treated, purified and freeze-dried in the same manner 
as described in Example 40(2), to obtain 39 mg of the title compound as a colourless powder. 
Ultraviolet Absorption Spectrum (h^O), nm: 
296. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1759, 1668, 1598, 1476, 1374, 1285, 1226, 1180. 
Nuclear Magnetic Resonance Spectrum (270MHz, 0 2 0, internal standard: tetradeuterated sodium trimethyl- 
stlylpropionate) 5 ppm: 

1.21 (3H, doublet, J = 7.18 Hz); 

1.28 (3H, doublet, J = 6.26 Hz); 

1.98- 2.10 (1H, multiplet); 

2.93-3.04 (1H, multiplet); 

3.27 & 3.29 (together 6H, two singlets); 

3.33 - 3.51 (3H, multiplet); 

3.75 - 3.92 (3H, multiplet); 

4.02-4.11 (1H, multiplet); 

4.20 - 4.28 (2H, multiplet); 

4.43 - 4.85 (6H, multiplet); 

4.90 - 5.06 (2H, multiplet). 

EXAMPLE 48 

(1R,5S,6S)-2-K2S,4S)-2-{3-[(2-Hydroxyethyl)dimeth^ 
[(1R)-1-hydroxyethyll-1-methyi-1-carbapen-2-em-3-cart)oxylate hydrochloride 
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0.65 g of 4-nitrobenzyl (1F^5S,6S)-2-[(2S,4S)-2-(3-dinr»t^ 
loxycartony1)pyrrolidin-4-y1thio]-6-[(1R)-1-hyclroxy thyl}- 1 -methyM -carbapen-2-em-3-carboxy1ate [prepared 
as described in Example 41 (1 )] was dissolved in 7 ml of dry acetonitrBe, and 1 .05 g of 2-Jodoethanol were added 
to the resulting solution. The mixture was then heated under reflux for 5 hours. At the end of this time, the 

5 solvent was removed by distillation under reduced pressure, and the residue was washed by repeated decan- 
tation, in turn, with methylene chloride and with diethyl ether. The mixture was then dried by evaporation under 
reduced pressure to obtain 0.84 g of a powder. The whole of this compound was dissolved in a mixture of 21 
ml of tetrahydrofuran and 14 ml of water. 0.90 g of a 10% w/w palladiurrvorvcarbon catalyst was then added 
to the solution, after which the mixture was hydrogenated at room temperature for 1.5 hours in an atmosphere 

10 of hydrogen. The reaction mixture was then treated, purified and freeze-dried in the same manner as described 
in Example 40(2), to obtain 55 mg of the title compound as a colourless powder. 
Ultraviolet Absorption Spectrum (H 2 0), nm: 
297. 

Infrared Absorption Spectrum (KBr), cnrr 1 : 
15 1758, 1665, 1595. 1477, 1374, 1261, 1227, 1149. 

Nuclear Magnetic Resonance Spectrum (270MHz, D 2 O t internal standard: tetradeuterated sodium trimethyl- 
silyipropionate) 5 ppm: 

1.21 (3H, doublet, J = 7.20 Hz); 

1.28 (3H, doublet, J = 6.36 Hz); 
20 1 .98 - 2.1 0 (1 H, multiplet); 

2.93- 3.04 (1H,multiplet); 

3.25 & 3.26 (together 6H, two singlets); 

3.31 - 3.60 (5H, multiplet); 

3.77 (1H, doublet of doublets, J = 12.23 & 6.63 Hz); 
25 4.00 - 4.10 (3H. multiplet); ' 

4.21 - 4.29 (2H, multiplet); 
4.42 - 4.86 (6H, multiplet). 

EXAMPLE 49 

30 

(1R,5S,6S)-2-[(2S,4S)-2-(3-Aminoazetidin-^ 
thyl-1-carbapen-2-em-3-carboxylic acid 



35 



40 




3630 mg of 4-nitrobenzyl (1|^5S,6^2-{(2&4S)-2-[3-(4-nitrobenzy1oxycarto^ 
nyiH^4-nitroberizytaxy<art»ny^ 

45 boxylate [prepared as described in Example 33(1)] were dissolved in 190 ml of a 3 : 2 by volume mixture of 
tetrahydrofuran and water, and 5500 mg of a 10% w/w palladium-on-carbon catalyst were added to the resulting 
solution. The mixture was then hydrogenated at 30°C for 1.5 hours in an atmosphere of hydrogen. At the end 
of this time, the catalyst was removed by filtration, the f Qtrate was washed with diethyl ether and the resulting 
aqueous solution was concentrated to 10 ml by evaporation under reduced pressure. The resulting solution 

so was subjected to reverse phase silica gel column chromatography (Cosmosil 75C ts -prep, 250 ml, manufactured 
by NacaJai Tesque), eluted with mixtures of acetonitrile and water In proportions of 0 : 100, 2 : 98, 4 ; 96, 6 : 
94 by volume, in that order. The fractions containing the title compound were collected, concentrated by evap- 
oration under reduced pressure and freeze-dried, to obtain 901 mg of the title-compound as a powder. 
Ultraviolet Absorption Spectrum (H2O), U nm: 

55 298.5. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1755, 1642, 1594, 1464, 1387. 
Nuclear Magnetic Resonance Spectrum (270MHz, D 2 0. internal standard: tetradeuterated sodium trimethyl- 
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silylpropionat ) 6 ppm: 

1.22 (3H, doublet, J = 7.2 Hz); 
1.29 (3H, doublet J = 5.3 Hz); 
1.75 - 1.85 (1H, multipl t); 
2.70 - 2.83 (1H,multipl t); 
3.14-3.21 (1H, multiplet); 
3.35 - 3.47 (3H, multiplet); 
3.82 - 3.92 (1H ( multiplet); 
3.96-4.03 (1H, multiplet); 
4.05- 4.18 (2H, multiplet); 
4.19-4.28 (3H. multiplet); 
4.34-4.43 (1H, multiplet); 
4.56 - 4.65 (1H f multiplet). 

EXAMPLE 50 

(1R,5S,6S)-2-[(2S,4S)-2-(3-AcetimkioytOT 
thyll-1-methyl-1-cart)apen-2-erTv3-cart>oxylic acid hydrochloride 




0.40 g of (1R,5S,6S)-2-[(2S,4S)-2-(3-Acetim^^ 
1-hydroxyethyl>1-methyl-1-carbapen-2-em-3-carboxylic acid (prepared as described in Example 34) was dis- 
solved in 20 ml of cold water. 0.88 ml of 1N aqueous hydrochloric acid was added to the resulting solution, and 
the mixture was freeze-dried, to obtain 400 mg of the title compound as a colourless powder. 
Ultraviolet Absorption Spectrum (H 2 0), nm: 
296. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1760, 1664, 1630, 1585, 1463, 1378, 1286, 1148. 
Nuclear Magnetic Resonance Spectrum (270MHz, D 2 0, internal standard: tetradeuterated sodium trimethyi- 
silylpropionate) 5 ppm: 

1.01 (3H, doublet, J = 7.17 Hz); 

1.09 (3H f doublet, J = 6.37 Hz); 
1.76-1.86 (1H t multiplet); 
2.07 (3H, singlet); 

2.70 - 2.82 (1H, multiplet); 

3.10 - 3.30 (3H, multiplet); 

3.55 (1H, doublet of doublets, J = 12.9 & 6.54 Hz); 
3.78 - 3.96 (2H, multiplet); 
4.00- 4.17 (3H, multiplet); 
4.26 - 4.67 (4H t multiplet). 
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EXAMPLE 51 

(1R,5S t 6S)-2-r(2S,4SHAzetfdln-3-y^ 
bapen-2-errv3-carfaoxyiic acid 




Following a procedure similar to that described in Example 33(1), followed by a procedure similar to that 
described in Example 49, but using 0.80 g of 4-nitrobenzyi (1R,5R^6S)-2-(diphenylphosphoryloxy)-6-[(1R)-1- 
hydroxyet hyl]- 1 -met hyi- 1 -carbapen-2-em-3-carboxylate (prepared as described in Preparation 32) and 0.95 
g of (2^4S>4-mercapto-241-(4-nitrobe 

bonyl)pyrrolidine (prepared as described in Preparation 33), 86 mg of the title compound was obtained. 
Ultraviolet Absorption Spectrum (H 2 0), )u nm: 
301. 

Infrared Absorption Spectrum (KBr), v„« cnr 1 : 

1754, 1590, 1450, 1389, 1287. 1264. 
Nuclear Magnetic Resonance Spectrum (270MHz, D 2 O t internal standard: tetradeuterated sodium trimethyl- 
sitylpropionate) 6 ppm: 

1 .22 (3H. doublet, J = 7.25 Hz); 

1 .30 (3H, doublet, J = 6.36 Hz); 

1.83-1.93 (1H, multiplet); 

2.72 - 2.82 (1H, multipiet); 

2.88 (1H, doublet of doublets, J = 11.64 & 5.19 Hz); 
3.34 - 3.48 (3H, multiplet); 
3.65 - 3.82 (4H, multiplet); 
4.04 (1H, triplet, J = 11.67 Hz); 
4.19 - 4.29 (2H, multiplet); 

4.34 (1H, doublet of doublets, J = 9.02 & 5.98 Hz); 
4.40 - 4.48 (1H, multiplet). 

PREPARATION 1 

(2S,4S)^Mercapto-2-[4-(4-nifrobenzyioxycaitony^ 
bonyQpyrrolidine trifluoromethanesulphonate 

1(a) 1-Amldlno^4-t-butoxycart)onytpiperazine hemisulphate 

2.50 g of 1-amidinopiperazine hemisulphate were dissolved in 60 ml of a 1 : 1 by volume mixture of tetra- 
hydrofuran and water, and a solution of 3.40 g of di-t-butyt dicarbonate in 10 ml of tetrahydrofuran was added 
to the resulting solution, after which the mixture was stirred at room temperature for 2.5 hours. At the end of 
this time, the tetrahydrofuran was removed from the reaction mixture by distillation under reduced pressur , 
the insolubles were filtered off and the filtrate was evaporated to dryness under reduced pressure. The result- 
ing residue was extracted with ethanol (twice, each time with 50 ml) and methanol (twice, each time with 50 
ml). The extract was evaporated to dryness to obtain 2.48 g of the title compound, as crystals, melting at 278°C 
(with decomposition). 

Nuclear Magnetic Resonance Spectrum (270MHz, DjO, internal standard substance: tetradeuterated sodium 
trimethylsilyipropionata) S ppm: 

1.47 (9H, singlet); 

3.49 - 3.64 (8H, multiplet). 
Infrared Absorption Spectrum (KBr), v,^ cnr 1 : 
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1696, 1656, 1616, 1416, 1169, 1121. 

1(b)4-t-Butoxycarb ny1-1-(4-nitrobenzyi xycarfaonylamidin )piperazin 

5 2.22 g of 1-amidino-4-t-butoxycarbonylpiperazine hemisulphata [prepared as described In step (a) above] 

were dissolved in 90 ml of a 1 : 1 by volume mixture of tetrahydrofuran and water, and a solution of 1.89 g of 
4-nitrobenzyloxycarbonyt chloride in 16 ml of tetrahydrofuran and 16 ml of a 1N aqueous solution of sodium 
hydroxide were added thereto at the same time, whilst stirring and ice-cooling. The resulting mixture was stirred 
for 30 minutes under the same conditions, and then the organic solvent was removed from the reaction mixture 
10 by distillation under reduced pressure. The residual aqueous solution was extracted with ethyl acetate, and 
the ethyl acetate extract was washed with an aqueous solution of sodium chloride and dried over anhydrous 
sodium sulphate. The mixture was then concentrated by evaporation under reduced pressure. The resulting 
residue was subjected to silica gel column chromatography, eluted with a 4 : 1 by volume mixture of ethyl acet- 
ate and hexane. The fraction containing the desired compound was concentrated by evaporation underreduced 
is pressure, to obtain 2.32 g of the title compound, as an amorphous powder. 
Nuclear Magnetic Resonance Spectrum (270MHz, CDCI 3 ) 6 ppm: 

1.47 (9H, singlet); 

3.45 - 3.61 (8H, multiplet); 

5.21 (2H, singlet); 
20 6.90 - 7.20 (2H, broad); 

7.56 (2H, doublet, J = 8.6 Hz); 

8.20 (2H, doublet, J = 8.6 Hz). 
Infrared Absorption Spectrum (KBr), cnr 1 : 

1698. 1652, 1601, 1547, 1523, 1279. 

25 

1(c) 1-(4-Nrtrobenzy1oxycart>onylamtdino)piperazine 

750 mg of 4-t-butoxycart>onyl-1-(4-nitrobenzyloxycart>onylam [prepared as described in 

step (b) above] were dissolved in 10 ml of trifluoroacetic acid, and the resulting solution was stirred at room 
30 temperature for 30 minutes. At the end of this time, the reaction mixture was concentrated by evaporation under 
reduced pressure, and the resulting residue was dissolved in a mixture of ethyl acetate and water, and an aqu- 
eous solution of sodium hydrogencarbonate was added thereto to make the mixture alkaline. The ethyl acetate 
layer was separated and the aqueous layer was extracted with ethyl acetate three times. The ethyl acetate 
layer and all of the ethyl acetate washings were combined and concentrated by evaporation under reduced 
35 pressure, to obtain 530 mg of the title compound, as a powder. 

Nuclear Magnetic Resonance Spectrum (270MHz, D 2 O f internal standard: tetradeuterated sodium trimethyl- 
silylpropionate) 6 ppm: 

3.27 (4H, triplet, J = 5.3 Hz); 
3.80 (4H, triplet, J = 5.3 Hz); 
40 5.25 (2H, singlet); 

7.61 (2H, doublet, J = 8.6 Hz); 
8.27 (2H, doublet, J = 8. 6 Hz). 

1(d) (2S,4S)-4-(4-Methoxybenzylthk))-2-[4-(4-nitrobe^^ 
45 nitrobenzyloxycartoonyQpyrrolidine 

740 mg of (2S,4S)-4-(4-methoxybenzy1thk))-1-(4-n^ acid was dis- 

solved in 7.4 ml of dry acetonctrile, and 330 mg of N,N'-carbonytdiimidazole were added to the resulting solution, 
after which the mixture was stirred at room temperature for 30 minutes. At the end of this time, a solution of 

so 525 mg of 1-(4-nitrobenzyloxycarbony1amidino)piperazine [prepared as described in step (c) above] dissolved 
in 10 ml of acetonitrie was added to the resulting mixture, and the mixture was left to stand overnight under 
the same conditions. The reaction mixture was then diluted with ethyl acetate, after which it was washed with 
an aqueous solution of sodium hydrogencarbonate, with water and with an aqueous solution of sodium chloride, 
in that order, dried over anhydrous sodium sulphate and concentrated by evaporation under reduced pressur . 

55 The resulting residue was subjected to silica gel column chromatography, eluted first with ethyl acetate alon 
and then with a 4 : 1 by volume mixture of ethyl acetate and acetonitrile, in that order. The fractions containing 
th desired compound were concentrated by evaporation under reduced pressure, to obtain 890 mg of th titf 
compound, as a powder. 
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Infrared Absorption Spectrum (KBr), cnr 1 : 

1709. 1652, 1608, 1520, 1439, 1346. 
Nucl ar Magnetic Resonance Spectrum (270MHz, C0CI 3 + D 2 0) 6 ppm: 

1.72- 1.89 (IH.multiplet); 
5 2.39 - 2.52 (1H, multiplet); 

3.03- 3.18 (1H, multiplet); 

3.30- 4.10 (15H, multiplet); 

4.51 -4.62 (IH.multiplet); 

4.98 - 5.32 (4H, multiplet); 
10 6.85 (2H, doublet, J = 8.8 Hz); 

7.23 (2H, doublet, J = 8.8 Hz); 

7.40 - 7.58 (4H, multiplet); 

8.15- 8.25 (4H, multiplet). 

15 1(e) (2S,4S)-4~Mercapto-2-r4-(4-nftrobenzyto^ 
carbonyQpyrrolidine trifluoromethanesulphonate 

880 mg of (2^4S)-4-(4-methoxybenzy1thio)-2-[4-(4-nitro 
nyl]-1-(4-nitrobenzyloxycarbonyl)pyrrolidine [prepared as described in step (d) above] were dissolved in a mix- 
20 ture of 4.4 ml of trifluoroacetic acid and 0.88 mi of anisole, and then 160 \it of trifluoromethanesulphonic acid 
were added dropwise to this solution, whSst stirring and ice-cooling. The resulting mixture was then stirred at 
room temperature for 3 hours, after which it was concentrated by evaporation under reduced pressure. The 
resulting residue was washed three times with diethyl ether, and the powder thus formed was dried to obtain 
918 mg of the title compound, as a powder. 
25 Infrared Absorption Spectrum (KBr), cnr 1 : 

1761, 1671, 1618, 1523, 1443, 1348, 1285, 1246, 1225, 1169. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide + D 2 O t 270 MHz) 6 ppm: 
1.60- 1.76 (1H, multiplet); 
2.65 -2.82 (IH.multiplet); 
30 3.05 - 3.80 (1 OH, multiplet); 

3.94 & 4.05 (together 1H, two doublets of doublets, J = 9.8 and 6.8 Hz); 
4.74 & 4.83 (together 1H, two triplets, J = 7.8 Hz); 
5.05 - 5.25 (2H, multiplet); 
5.40 (2H. singlet); 
35 7.53 & 7.63 (together 2H, two doublets, J = 8.8 Hz); 

7.72 (2H, doublet, J = 8.8 Hz); 
8.21 & 8.23 (together 2H, two doublets, J = 8.8 Hz); 
8.28 (2H, doublet, J = 8.8Hz). 

40 PREPARATION 2 

(2S,4£)^Mercapto-1-methy1-2-[4-(^ 

2(a) 1-(4-Nitrobenzyloxycarbonylamidino)piperazine bis(trifiuoroacetats) 

45 

750 mg of 4-t-butoxycarbonyM-(4-nitrobenzy1oxycarto^ [prepared as described in 

Preparation 1 (b)] were dissolved in 1 2 ml of trifluoroacetic acid, and the resulting solution was stirred at room 
temperature for 30 minutes. At the end of this time, the reaction mixture was concentrated by evaporation und r 
reduced pressure, and diethyl ether was added to the residue. The powder thus formed was washed three 
so times with diethyl ether and then dried to obtain 1010 mg of the title compound, as a colourless powder. 
Infrared Absorption Spectrum (KBr), v^ cnr 1 : 

1771, 1698, 1665, 1623, 1518. 1353, 1221, 1197. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxid + D 2 O t 270 MHz) 6 ppm: 
3.21 (4H. triplet, J = 5.4 Hz); 
55 3.73 (4H, triplet J = 5.4 Hz); 

5.31 (2H. singlet); 
7.68 (2H, doublet, J = 8.8 Hz); 
8.26 (2H, doublet, J = 8.8Hz). 
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2(b) (2S,4S)-4-(4-Meth xybenzylthto)-1-methyl-2-[4-(4-nfcrobenz^ 
ny1]>pyrrolidine 

480 mg of (2S^4S)^(4-methoxybenzylthk>)-1-methylpyrrolidine-2-cart)oxylic acid were suspended in 20 
5 ml of dry acetonrtrile, and 325 mg of N,N'-carbonytdiimidazoie were added to this suspension, after which the 
mbcture was stirred at 40°C for 1 hour. At the end of this time, the reaction mixture was cooled with ice, and 
980 mg of 1-(4-nitrobenzyfoxycart>ony1amidino)piperazine bis(trffluoroacetate) [prepared as described in step 
(a) above] and 320 \ii of diisopropyiethyiamine were added to the mixture, which was then stirred at room tem- 
perature overnight At the end of this time, the reaction mbcture was dQuted with ethyl acetate and washed 
10 with an aqueous solution of sodium hydrogencarbonate, with water (4 times) and with an aqueous solution of 
sodium chloride, in that order. The ethyl acetate solution was dried over anhydrous sodium sulphate and then 
concentrated by evaporation under reduced pressure. The resulting residue was subjected to silica gel column 
chromatography, eluted with a 4 : 1 by volume mbcture of ethyl acetate and methanol. The fraction containing 
the desired compound was concentrated by evaporation under reduced pressure, to obtain 860 mg of the tide 
15 compound, as a powder. 

Infrared Absorption Spectrum (KBr), crrr 1 : 

1648, 1609, 1542, 1513, 1440, 1346, 1303, 1273, 1239. 
Nuclear Magnetic Resonance Spectrum (270MHz, CDCI 3 + D2O) 5 ppm: 
1.78 (1H, doubled doublet of doublets, J = 13.7, 9.3 & 5.4 Hz); 
20 2.33 (3H, singlet); 

2.48 - 2.60 (2H, multiplet); 
3.03 - 3.24 (3H, multiplet); 
3.70 (2H, singlet); 

3.80 (3H, singlet); 

25 3.45 - 4.1 5 (8H, multiplet); 

5.21 (2H, singlet); 

6.84 (2H. doublet, J = 8.8 Hz); 

7.20 (2H, doublet, J = 8.8 Hz); 

7.56 (2H, doublet, J = 8.8 Hz); 
30 8.20 (2H, doublet, J = 8.8 Hz). 

2(c) (2S,4S)^Mercapto-1-methy1-2-[4^4-nitrob 

1450 mg of (2S,4S)-4-(4-met hoxy benzyl thio)-1 -met hy1-2-{4-(4-nitrobenzy1oxycarbonylamidino)piperazin- 
35 1-ylcarbonyi]pyrrolidine [prepared as described in step (b) above] were dissolved in a mixture of 7.25 ml of tri- 
f luoroacetic acid and 1 .45 ml of anisole, and then 562 pi of trff luoromethanesulphonic acid were added drop- 
wise, whilst stirring and ice-cooling, to the resulting solution. The reaction mbcture was stirred for 60 minutes 
under the same conditions and then at room temperature for 30 minutes, after which it was concentrated by 
evaporation under reduced pressure. The resulting residue was washed three times with diethyl ether, and 
40 the powder thus formed was dried to obtain 1 940 mg of the bis(trifluoromethanesulphonate) of the title com- 
pound as a powder. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide + D20, 270 MHz) 6 ppm: 

1.81 (1H V doubled doublet of doublets, J = 13.2, 9.3 & 8.8 Hz); 

2.82 (3H, singlet); 

45 2.98 (1 H, doublet of triplets. J = 13.2 & 7.8 Hz); 

3.28-3.81 (11H, multiplet); 
4.63 (1H, triplet, J = 8.8 Hz); 
5.40 (2H, singlet); 
7.72 (2H, doublet, J = 8.8 Hz); 
50 8.28 (2H, doublet, J = 8.8 Hz). 

The whole of this salt was dissolved in aqueous ethyl acetate, and an aqueous solution of sodium hydro- 
gencarbonate was added to the resulting solution to make it alkaline. The ethyl acetate layer was separated, 
washed with an aqueous solution of sodium chloride, dried over anhydrous sodium sulphate and concentrat d 
by evaporation under reduced pressure, to obtain 1.21 g of the title compound, in the form of an amorphous 
55 powder. 

Infrared Absorption Spectrum (KBr), crrr 1 : 

1648, 1605, 1544, 1520, 1440, 1346. 1304, 1273. 1232. 
Nuclear Magnetic Resonance Spectrum (270MHz, CDCI 3 + D 2 0) 5 ppm: 
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1.91 (1H, doubled doublet f doublets, J = 13.7, 8.3 & 4.9 Hz); 

2.36 (3H, singlet); 

2.65 - 2.80 (2H, multiplet); 

3.08 (1H, doublet f doublets, J = 10.2 & 2.9 Hz); 

3.24 (1H, triplet, J = 8.3 Hz); 

3.32 - 3.44 <1H, multiplet); 

3.46 - 4.00 (8H, multiplet); 

5.21 (2H, singlet); 

7.56 (2H, doublet, J = 8.8 Hz); 

8.19 (2H, doublet, J = 8.8 Hz). 

PREPARATIONS 3 TO 21 

. The Compounds of Preparations 3 to 21 were synthesized in the same manner as described in Prepara- 
tions 1 and 2. 

Preparation 3 

(2S,4S)-4-MercaptD-1-(4~nitrobenzyl^^ 
carbonyi] pyrrolidine 

Infrared Absorption Spectrum (KBr), crrr 1 : 

1708, 1651, 1605, 1551, 1520, 1441, 1346, 1284. 
Nuclear Magnetic Resonance Spectrum (270MHz, CDCI 3 + 0 2 O) 5 ppm: 

1.75- 1.98 (3H, multiplet); 

2.00-2.20 (1H, multiplet); 

2.66-2.82 (1H, multiplet); 

3.13- 3.96 (8H t multiplet); 

4.06 - 4.15 (2H, multiplet); 

4.61 (1H, triplet, J = 8.0 Hz); 

5.10 - 5.25 (4H, multiplet); 

7.42 - 7.58 (4H, multiplet); 

8.16- 8.23 (4H, multiplet). 

Preparation 4 

(2S t 4S)^Mercapt0-1-rrathyl-2-[4^ 

Infrared Absorption Spectrum (KBr), crrr 1 : 

1641, 1607, 1552, 1520, 1486, 1444, 1347, 1285. 
Nuclear Magnetic Resonance Spectrum (270MHz, CDCI 3 + D 2 0) 8 ppm: 

1.81-2.01 (3H, multiplet); 

2.63- 2.75 (1H. multiplet); 

2.80-2.88 (1H, multiplet); 

3.07- 3.15 (1H, multiplet); 

3.23 - 3.93 (10H, multiplet); 

5.21 (2H, singlet); 

7.54 - 7.57 (2H, multiplet); 

8.17 - 8.22 (2H, multiplet). 

Preparation 5 

(2S,4S)-4-Mercapto-1 -(4-nitrobe 
nyl]pyrrolidine 

Preparation 6 

(2S,4S)^Merapto-1-methy1-2-[4-(4-nitroto 
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Preparati n 7 

(2S,4S)^Mercapto-1-(4-nitrobenzyloxycaito 3-(4-nitrobenzyloxycarbonylguanidino)pyrrolidirh1- 
ylcarbonyljpyrrolkline 

Preparation 8 

(2S,4S)^Mefrapto-1 nrnet hyl-2^(3S)-3-(4-n itrote 
Preparation 9 

(2S,4S)^Mercapto-1-(4-nrtrobenzy1^ 
nyl]pyrrolidine 

Preparation 10 

(2S,4S)^Mercapto-1-methyl-2-[3-(4-nitro 
Preparation 11 

(2S,4S)^Mercapto-1-(4-nitrobenzyioxycart>on^^ - 
pyrrolidine 

Preparation 12 

(2S,4S)^Merapto-1-methyt-2-[2-(4-nitrobenzy^ 
Preparation 13 

(2S,4S)-4-Mercapto-1-(4-nitrobenzyloxycarbonyl)-2-[4 (methyi-4-nitrobenzyloxycarbonylamidino)piperazin- 
1 -yfcarbonyi]pyrrolid ine 

Preparation 14 

(2S,4S)^Me«apto-1-methyl-2-t4-(methyl-4-nitrobenzyl oxycarbonylamidino)piperazin-1-yicarbonyt]pyrroli- 
dine 

Preparation 15 

(2S,4S)^Mercapto-H4-nitrober^ 
ytcarbonyl]pyrrolidine 

Preparation 16 

(2S,4S)^MerCTpto-1-methyi-2^(3R)-^ 
Preparation 1 7 

(2S,4S)^Merrapto-H4-nrtrobenzy1oxyc 
zin- 1 -yi carbonyi]pyrroi id ine 

Preparation 18 

(2S.4S)^Merc»pto-1-methyi-2-[(3 
pyrrolidine 
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Preparation 19 

(2S,4S)^MeiT^to-1-(4-nrtrobenzy1oxycarb nyl)-2-[1-(4-nitrob nzyl xycarbonylamidino)piperidin-4-ylcarba- 
moyf]pyrrolidine 

Preparation 20 

(2S,4S)-4-MerraptD-1-{1-(4-n^ 
ytcarbamoyt]pyrrolidine 

Preparation 21 

(2S,4S)^Mercapto-1^4-nitrobenzyl^^ 
pyrrolidine 

PREPARATION 22 

(2S,4S)^Merc&pto-2-[3-(4-nitrobenzyiox^ 
nyQpyrrolidine 

22(a) (2S,4S)-2-(3-AmirK>azetkJin-1-ylcaito 
lidine 

2.05 g of (2S,4S)^(4HTiethoxybenzy1thio)-1^ carboxyiic acid 

were dissolved in 20 ml of dry acetonitrile, and 0.78 g of N,N -carbonyldiimidazole was added to the resulting 
solution, after which the mixture was stirred at 40°C for 1 hour. The resulting mixture was then added dropwis 
to a solution of 1 .00 g of 3-aminoazetidine dihydrochloride and 2.40 ml of diiso propyl ethyl amine in 10 ml of 
methanol, whilst ice-cooling, and the mixture was stirrred at the same temperature for 1 hour. At the end of 
this time, the reaction mixture was filtered, and the filtrate was concentrated by evaporation under reduced 
pressure. The resulting residue was diluted with ethyl acetate and washed with water and with an aqueous 
solution of sodium chloride, in that order. The ethyl acetate layer was dried over anhydrous magnesium sul- 
phate and concentrated by evaporation under reduced pressure. The residue was subjected to silica gel column 
chromatography (silica gel 60 9385, manufactured by Merck, 100 g) to give 2.56 g of the title compound, in 
the form of an amorphous powder, from the fraction obtained by elution with a 65 : 35 by volume mixture of 
ethyl acetate and methanol. 
Infrared Absorption Spectrum (KBr), cnr 1 : 

1708, 1660, 1609, 1513, 1442, 1404, 1346, 1248. 
Nuclear Magnetic Resonance Spectrum (270MHz, CDCI 3 ) 6 ppm: 

1.88 - 2.04 (1H, multiplet); 

2.38 - 3.20 (4H, multiplet); 

3.25-3.34 (1H, multiplet); 

3.67 - 4.62 (6H, multiplet); 

3-72 (2H, singlet); 

3.78 & 3.79 (together 3H, two singlets); 
5.09 - 5.37 (2H, multiplet); 
6.84 (2H, doublet, J = 8.78 Hz); 
7.22 (2H, doublet, J = 8.78 Hz); 
7.45 (2H, doublet, J = 8.78 Hz); 
8.21 (2H ( doublet, J = 8.78 Hz). 

22(b) (2S,4S)^(4-Methoxybenzylthio)-2-[3-(4-ni^ 
trobenzyloxycarbony1)pyrrolidine 

0.81 g of (2S,4S)-2-(3-aminoazetidin-1-yicart>onyi>^ 
nyl)pyrrolidin [prepared as described in step (a) ab v ] was dissolved in 20 ml of methyien chloride, and 
0.32 g of diisopropyiet hyiamine and 0.40 g of £-nitrobenzy1 chlorofdrmate were added to the resulting solution, 
whilst ice-cooling. The resulting mixture was then stirred at the sam temperature for 40 minutes. At the end 
of this time, th reaction mixture was diluted with ethyl acetate and washed with water and with an aqueous 
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solution of sodium chloride, in that order. The ethyl acetate layer was dried over anhydrous magnesium sul- 
phate and concentrated by evaporati n under reduced pressure. The residue was subjected to silica gel column 
chromatography (silica gel 60 9385, manufactured by Merck, 40 g) to giv 0.64 g of the title compound, in the 
form of an amorphous powder, from the fraction obtained by elution with a 99 : 1 by volume mixture of ethyl 

5 acetate and methanol. 

Infrared Absorption Spectrum (CH0 3 ), v max crrr 1 : 
1725, 1662, 1608, 1521. 1440, 1347, 1250. 
Nuclear Magnetic Resonance Spectrum (270MHz, CDCI 3 ) 5 ppm: 
1.94-2.04 (1H, multiplet); 

10 2.31 - 2.48 (1 H, multiplet); 

3.04 - 3.12 (1H, multiplet); 
3.26-3.34 (1H, multiplet); 
3.72 (2H, singlet); 

3.79 (3H, singlet); 
15 3.81 - 3.99 (1 H, multiplet); 

4.08 - 4.87 (6H, multiplet); , 

5.09 - 5.72 (5H, multiplet); 
6.82 - 6.87 (2H, multiplet); 
7.23 (2H, doublet, J = 6.30 Hz); 

20 7.45 & 7.50 (together 4H, two doublets, J - 8.79 Hz); 

8.22 & 8.23 (together 4H, two doublets, J = 8.79 Hz). 

22(c) (2S,4S)-4-Mercapto-2-[3-(4-nitrobenzyloxycarbonylamino)azetidin-1 -ytcarbonylH -(4-nitrobenzytoxy- 
carbonyQpyrrolidine 

25 

0.59 g of (2§^4S)-4-(4-methoxybenzylthk))-2-[3-(4-nftro^ 
1-(4-nrtrobenzyioxycarbonyl)pyrrolidine [prepared as described in step (b) above] was suspended in 0.94 ml 
of anisole, and 3.32 ml of trif luoroacetic acid and 0.15 ml of trifluoromethanesulphonic acid were added drop- 
wise to the suspension, whilst ice-cooling, after which the mixture was stirred at the same temperature for 1 

30 hour. At the end of this time, 1,2-dichloroethane was added to the reaction mixture, and the solvent was re- 
moved by distillation under reduced pressure. The residue was then washed by repeated decantation, in turn, 
with hexane and with diethyl ether. The residue was diluted with ethyl acetate and made alkaline by the ad- 
dition of an aqueous solution of sodium hydrogencarbonate. The ethyl acetate layer was separated and washed 
with water and with an aqueous solution of sodium chloride, in that order, after which it was dried over anhy- 

35 drous magnesium sulphate and concentrated by evaporation under reduced pressure to give 0.44 g of the title 
compound, in the form of an amorphous powder. 
Infrared Absorption Spectrum (KBr), cnr 1 : 

1709, 1656, 1521, 1440, 1405, 1347, 1257. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide, 270 MHz) 5 ppm: 

40 1 .62 - 1 .85 (1 H, multiplet); 

2.56 - 2.69 (1H, multiplet); 

3.05 - 3.25 (2H, multiplet); 
3.70 - 4.55 (8H, multiplet); 
5.08 - 5.28 (4H, multiplet); 

45 7.55 - 7.65 (4H, multiplet); 

8.11 - 8.25 (5H, multiplet). 

PREPARATION 23 

so (2S,4S)-4-Mercapto-2-[3-(N-4-nitrobenzyloxycart)onyte 
zyloxycarbonyQpyrrolidine 

23(a) (2S,4S>-4-(4-Methoxybenzylthi )-243-(N-4-nitrobenzyloxycart>onylacetimidoylamin )azetidin-1-ytcar- 
bonyl]-1-(4-nitrobenzyloxycarbonyt)pyrrcHidine 

55 

0.78 g of (2S^4S)-2-(3-aminoazetidin-1-ylcarbonyl)-4-(4-meth xy benzyl t hi )-1-(4-nitrobenzytoxycarbo- 
nyi)pyrrolidine [prepared as described in Preparation 22(a)] was dissoiv d in 15 ml of ethyl acetate, and 0.78 
ml of a 4N solution of hydrogen chloride in ethyl acetate was added to the resulting solution, whilst ice-cooling. 
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Diethyl ether was added to the reacti n mixture, and the resulting powder was filtered off and dried, to giv 
0.79 g of (2§,4§)-2-(3-aminoazetidin-1-ylcarbo^ 
ny1)pyrrolidine hydrochloride. 

0.78 g of this compound was suspended in 20 ml of dry acetonitrile, and 0.51 g of N-(4-nitrobenzyt xycar- 
5 bonyl)acetamidine was added to th suspension, after which the mixture was stirred at 50°C for 80 minutes. 
At the end of this time, the reaction mixture was concentrated by evaporation under reduced pressure, and 
the residue was diluted with ethyl acetate, washed with water and with an aqueous solution of sodium chloride, 
in that order, dried over anhydrous magnesium sulphate and concentrated by evaporation under reduced pres- 
sure. The resulting residue was subjected to sOica gel column chromatography (silica gel 60 9385, manufac- 
10 tured by Merck, 150 ml) to give 0.99 g of the title compound, in the form of an amorphous powder, from the 
fraction obtained by elution with a 95 : 5 by volume mixture of ethyl acetate and methanol. 
Infrared Absorption Spectrum (KBr), cnrr 1 : 

1707, 1667, 1608, 1551, 1520, 1442, 1346, 1238. 
Nuclear Magnetic Resonance Spectrum (270MHz, CDCI 3 ) 6 ppm: 
15 1 .29 - 2.59 (7H, muitiplet); 

3.05- 3.14 (1H, muitiplet); 
3.26 - 3. 34(1 H, multiple!) ; 
3.67 - 4.86 (6H, muitiplet); 
3.73 (2H, singlet); 
20 3.79 (3H, singlet); 

5.09 - 5.33 (4H, muitiplet); 
6.85 (2H, doublet, J = 8.79 Hz); 
7.23 (2H, doublet, J = 8.79 Hz); 
7.44 - 7.65 (4H. muitiplet); 
25 8.19 - 8.25 (4H, muitiplet). 

23(b) (2S,4S)^Mercapto-2-[3-(N-4-nito^ 
trobenzyJoxycarbonyQpyrroJidine 

30 0.99 g of (2S,4S)^(4-methoxybenzylthio)-243-(N^n 

1-yl-carbonyl]-1-(4-nitrobenzyloxycarbonyl)pyrrolidine [prepared as described in step (a) above] was dissolved 
in 1 .49 ml of anisole, and 10 ml of trifluoroacetic add and 0.24 ml of trifluoromethanesulphonic acid were added 
dropwise to the resulting solution. The resulting mixture was stirred at the same temperature for 40 minutes 
and then at room temperature for 50 minutes, after which 1 ,2-dichloroethane was added to the reaction mixtur . 
35 The mixture was then concentrated by evaporation under reduced pressure. The resulting residue was washed 
by repeated decantation, in turn, with hexane and diethyl ether, and the mixture was then diluted with ethyl 
acetate, and made alkaline by the addition of an aqueous solution of sodium hydrogencarbonate. The ethyl 
acetate layer was washed with water and with an aqueous solution of sodium chloride, in that order, dried over 
anhydrous magnesium sulphate and concentrated by evaporation under reduced pressure, to give 0.82 g of 
40 the title compound, in the form of an amorphous powder. 
Infrared Absorption Spectrum (KBr), crrr 1 : 

1706, 1664, 1607, 1551, 1521, 1442, 1346, 1228. 
Nuclear Magnetic Resonance Spectrum (270MHz, CDCl 3 ) 5 ppm: 
1.73 - 2.65 (4H, muitiplet); 
45 2.23 (3H, singlet); 

3.23 - 3.54 (2H, muitiplet); 
3.78 - 4.94 (7H f muitiplet); 
5.11 -5.37 (4H, muitiplet); 
7.48 - 7.59 (4H, muitiplet); 
so 8.22 & 8.23 (together 4H, two doublets, J = 8.79 Hz). 

PREPARATION 24 

(2S,4S)^Mercaptck2-[3-(N^nitrobenzy1o 
55 zyloxycarbonyQpyrrolidine 

Following a procedur similar t that described in Preparation 23, but using (2S,4S)-2-(3-aminoazetidin- 
1-y1carbonyl)-4-(4-methoxybenzytthi )»1-(4-nitrobenzytoxycarbonyl)pyrrolkjino hydrochloride and N-(4-nitro- 
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benzyioxycart>onyl)formamidine as starting materials, in relative proportions similar to those used in that Prep- 
aration, the titie compound was obtained. 

PREPARATION 25 

5 

(2S,4S)^Menapto-1-methy1-2-[3-(4-nitrober^ 
25(1) (2S,4S)-2-(3-Aminoazetidin-1-ylcarto^ 

10 1.62 g of (2S,4S)^4-methoxybenzylthio)-1-methyi-2-pyrrolidinecart)oxyiic acid were suspended in 20 

ml of dry acetonitrile, and 1.02 g of N,N v -carbony1diimidazoJe were added to the suspension, after which th 
mixture was stirred at 40°C for 45 minutes. A solution of 1.00 g of 3-aminoazetidine dihydrochloride and 2.40 
ml of diisopropyiethytamine in 10 ml of methanol was added dropwise to the mixture, whilst ice-cooling, and 
the mixture was stirred at the same temperature for 90 minutes. At the end of this time, the reaction mixture 

is was concentrated by evaporation under reduced pressure. The resulting residue was subjected to reverse 
phase column chromatography (Cosmosil 75C 1S -PREP, manufactured by Nacatai Tesque, 145 g) to give 1.21 
g of the title compound, as a colourless oil, from the fraction obtained by elution with 30% by volume aqueous 
acetonitrile. 

Infrared Absorption Spectrum (CHCI 3 ), crrr 1 : 
20 1618, 1510, 1465, 1246, 1176. 

Nuclear Magnetic Resonance Spectrum (270MHz, CDCI 3 ) 6 ppm: 
1.77 - 2.00 (3H, multiplet); 
2.30 (3H, singlet); 
2.45 - 2.56 (2H, multiplet); 
25 2.88 - 2.95 (1 H, multiplet); 

3.00- 3.16 (2H, multiplet); 

3.70 (2H, multiplet - central value reported); 

3.80 (3H, multiplet - central value reported); 
3.65 - 4.06 (3H, multiplet); 

30 4.23 - 4.33 (1 H, multiplet); 

4.50- 4.68 (1H, multiplet); 

6.81 - 6.87 (2H, multiplet); 
7.18 - 7.24 (2H f multiplet). 

& - 25(b) (2S,4S)-4-(4-MethoxybenzylthioH-meth^ 
nyl]pyrrolidine 

0.60 g of (2S,4S)-2-(3-aminoazetklin-1-yl^ [pre- 
pared as described in step (a) above] was dissolved in 18 ml of methylene chloride, and 0.38 ml of diisopro- 
40 pylethylamine and 0.46 g of g-nitro benzyl chloroformate were added to the resulting solution, whist ice-cooling, 
after which the mixture was stirred at the same temperatrue for 30 minutes. At the end of this time, the reaction 
mixture was diluted with ethyl acetate and washed with water and with an aqueous solution of sodium chloride, 
in that order. The ethyl acetate layer was dried overanhydrous magnesium sulphate and concentrated by evap- 
oration under reduced pressure. The resulting residue was subjected to silica gel column chromatography (sil- 
45 ica gel 60 9385, manufactured by Merck, 40 g), to give 0.85 g of the title compound, in the form of an amorphous 
powder, from the fraction obtained by elution with a 95 : 5 by volume mixture of ethyl acetate and methanol. 
Infrared Absorption Spectrum (KBr), v^ crrr 1 : 

1725, 1637, 1610, 1512, 1463, 1346, 1251. 
Nuclear Magnetic Resonance Spectrum (270MHz, CDCI 3 ) 5 ppm: 
so 1.77- 1.95 (1H t multiplet); 

2.32 & 2.36 (together 3H, two singlets); 
2.49 - 2.66 (2H, multiplet); 
2.98 - 3.1 4 (3H, multiplet); 
3.69 (2H, singlet); 
& 3.80 (3H, singlet); 

3.73- 3.94 (1H, multipl t); 
4.11 - 4.83 (4H, multiplet); 
5.20 (2H, multiplet - central valu reported); 
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5.40-5.51 (1H, multiplet); 
6.81 - 6.87 (2H f multiplex- 
es - 7.22 (2H, multiplet); 



5 



7.51 (2H, doublet, J = 8.79 Hz); 
8.22 (2H, doublet, J = 8.79 Hz). 



25(c) (2S,4S)-4-Merc»pto-1-methyl-2-[3-(4^ 

0.73 g of (2S,4SH^m*thoxybenzylthio)-1-r^ 
10 carbonyl]pyrrolidine [prepared as described in step (b) above] was dissolved In 1.53 ml of anisole, and 7.25 
ml of trif luoroacetic acid and 0.25 ml of trif luoromethanesulphonic acid were added dropwise, whilst ice-cooling, 
to the resulting solution. The mixture was then stirred at room temperature for 90 minutes, after which 1,2- 
dichloroethane was added to the reaction mixture and the solvent was removed by evaporation under reduced 
pressure. The resulting residue was washed by repeated decantation, in turn, with hexane and with diethyl 
15 ether. The residue was diluted with ethyl acetate and was made alkaline by the addition of an aqueous solution 
of sodium hydrogencarbonate. The ethyl acetate layer was washed with water and with an aqueous solution 
of sodium chloride, in that order, dried over anhydrous magnesium sulphate and concentrated by evaporation 
under reduced pressure, to give 420 mg of the title compound, in the form of an amorphous powder. 
Infrared Absorption Spectrum (liquid film), crrr 1 : 
20 1721,1638,1609,1522,1460,1347,1258. 

Nuclear Magnetic Resonance Spectrum (270MHz, CDCI0 3 ) 6 ppm: 
1.85- 2.12 (2H, multiplet); 
2.35 & 2.37 (together 3H, two singlets); 
2.63 - 2.82 (2H, multiplet); 
25 3.00 - 3.10 (2H, multiplet); 



7.51 (2H ( doublet, J = 8.79 Hz); 
8.22 (2H, doublet, J = 8.79 Hz). 

PREPARATION 26 

35 

(2S,4S)-4-Mercapto-1-methyl-2-[3-(N-^ 
rolidine 

26(a) (2S,4S)-4-(4-MetrK»xybenzylthioH-^^ 
40 din-1-ylcarbonyllpyrrolidine 

540 mg of (2S,4S)-2-(3-aminoazetidirv1-y1cart>onyl^ [pre- 
pared as described in Preparation 25(a)] were dissolved in 1 5 ml of ethyl acetate and 5 ml of methylene chlorid , 
and 1.61 ml of a 4N solution of hydrogen chloride in ethyl acetate were added to the resulting solution, whilst 
45 ice-cooling. The mixture was then stirred at the same temperature for 30 minutes, after which it was diluted 
with diethyl ether, and a powder was filtered off and dried to give 650 mg of a hydrochloride. 

650 mg of this hydrochloride, 415 mg of N-(4-nitrobenzyloxycarbonyf)acetamidine and 277 \il of diisopro- 
pyiethylamine were suspended in 10 ml of dry acetontoile, after which the mixture was stirred at 55°C for 1 
hour. At the end of this time, insolubles were filtered from the reaction mixture and the filtrate was concentrated 
so by evaporation under reduced pressure. The residue was subjected to silica gel column chromatography to 
give 622 mg of the title compound, as a powder, from the fraction obtained by elution with a 45 : 45 : 5 by volume 
mixture of methylene chloride, ethyl acetate and methanol. 
Infrared Absorption Spectrum (KBr), crrr 1 : 

1682, 1638, 1609, 1553, 1512, 1454, 1346, 1225, 1190, 1080. 
55 Nucl ar Magnetic Resonance Spectrum (270MHz, CDCI 3 + DaO) 8 ppm: 
1.60-2.38 (7H, multiplet); 
2.43 - 2.68 (2H, multiplet); 
2.83 - 3.20 (3H, multiplet); 



3.30 
3.86 
4.08 
5.21 
5.40 



(1H, broad singlet); 
-3.96 (1H, multiplet); 
- 4.79 (4H, multiplet); 
(2H, singlet); 



-5.62 (1H. multiplet); 
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3.69 (2H, singlet); 
3.79 (3H, singlet); 
3.84 - 5.02 (5H, multiplet); 
5.22 (2H, singlet); 
5 6.84 (2H, doublet J = 6.79 Hz); 

7.20 (2H, doublet, J = 8.79 Hz); 
7.51 - 7.62 (2H, multiplet); 
8.15- 8.28 (2H, multiplet). 

10 26(b) (2S,4S)-4-Mercapto-1-methyl-2-[3-(N-4-nitrobenzy^ 
nyl]pyrrolidine 

610 mg of (2S,4S)-4-(4-methoxybenzyithio)-1-methyt-2-[3^ 
no)azetidin-1-yicart)ony1]pyrrolidine [prepared as described in step (a) above] were dissolved in 1 .1 9 ml of ani- 
15 sole, and 4.23 ml of trifluoroacetic acid and 193 \i? of trifluoromethanesul phonic acid were added to the re- 
sulting solution, whilst ice-cooling. The mixture was then stirred for 1 hour under the same conditions and then 
at room temperature for a further 1 hour. At the end of this time, the solvent was removed by distillation under 
reduced pressure, and the resulting residue was washed with hexane and with diethyl ether and dried by evap- 
oration under reduced pressure, to convert it to the trif luoromethanesulphonate in the form of a powder. Ethyl 
20 acetate was added to the whole of this compound, followed by sufficient of a saturated aqueous solution of 
sodium hydrogencarbonate to make it alkaline. The ethyl acetate layer was separated, washed wit h an aqueous, 
solution of sodium chloride and dried over anhydrous magnesium sulphate, and the solvent was removed by 
evaporation under reduced pressure, to give 448 mg of the title compound as a powder. 
Infrared Absorption Spectrum (liquid film), car 1 : 
25 1 642, 1 608, 1 554, 1 522, 1 465, 1 347, 1 237. 1 1 93. 

Nuclear Magnetic Resonance Spectrum (270MHz, CDCI 3 + D 2 0) 6 ppm: 
1.81-1.98 (1H, multiplet); 
2.07 - 3.50 (11 H, multiplet); 
3.83 - 5.02 (5H, multiplet); 
30 5.22 & 5.28 (together 2H, two singlets); 

7.50 - 7.62 (2H, multiplet); 
8.15-8.28 (2H, multiplet). 

PREPARATION 27 

35 

(2S,4S)-4-Mercapto-1-methyl-2-[3-(N-4~nito 
rolidine 

A procedure simOar to that described in Preparation 26 was repeated, but using (2S f 4§)-2-(3-aminoazeti- 
40 din-1-ylcarbonyl)-4-(4-methoxybenzylthio)-1-methylpyrroIidine hydrochloride and N-(4-nitrobenzytoxycarbo- 
nyO-formamidine as starting materials, in relative proportions similar to those used in that Preparation, to give 
the title compound. 

PREPARATION 28 

45 

(2S,4S)-4-Meirapto-1-(4-nitrobenzyloxycarto^ 
dine 

28(1) (2S,4S)-4-(4-methoxybenzylthio)-2^(3^ 
so loxycarbonyOpyrroiidine 

768 mg of (2S,4S)-4-(4-methoxybenzylthioH-(4-nitrobenz^ acid 
were dissolv d in 8 ml f dry tetrahydrofuran, and the resulting solution was cooled to 0°C. 191 mg of tfiethy- 
lamine were added t the solution, followed by 218 mg of pivaloyl chloride, and then the mixture was stirred 
55 at the same temperature for 5 minutes. At t h nd of this time, a mixture of 238 mg of (3S)-3-(1 -1 ,2,4-triazo- 
Iy1)pyrrolidine trif luoroacetate, 440 mg of diisopropyi thiamine and 7 ml f dry acetonitril was added t the 
mixture, and th mixture was gradually heated and then stirred at 0°C for 15 minutes and at room temperature 
for 2^i ours. The solvent was then removed by evaporation under reduced pressure, and the residue was diluted 
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with ethyl acetate, after which th diluted solution was washed* with an aqueous solution of sodium hydrogen- 
carbonate and with a saturated aqueous solution of sodium chloride, in that order, and dried ver anhydrous 
magnesium sulphate. The solvent was then removed by distillation under reduced pressure, and the residue 
was purified by silica g I column chromatography, using a 7 : 1 by volume mixture of ethyl acetate and m thanol 
as the eluent to give 803 mg of the title compound, as a powder. 
Infrared Absorption Spectrum (KBr), cnr 1 : 

1709, 1656, 1512, 1346, 857, 738. 
Nuclear Magnetic Resonance Spectrum (270MHz, hexadeuterated dimethyl sulphoxide) 6 ppm: 

1.40-1.70 (1H, multiplet); 

2.20 - 2.80 (2H, multiplet); 

2.95 - 3.1 5 (1 H, multiplet); - 

3.15-3.95 (11 H, multiplet); 

4.35-4.65 (1H, multiplet); 

5.00 - 5.30 (4H, multiplet); 

6.80 - 6.95 (2H, multiplet); 

7.20 - 7.35 (2H, multiplet); 

7.40 - 7.70 (2H, multiplet); 

8.00 (1H, multiplet - central value reported); 

8.13 - 8.26 (2H, multiplet); 

8.49- 8.61 (1H, multiplet). 

28(b) (2S,4S)-4-MercaptcM-(4-nitrobenzy1oxyca^ 
nyl]pyrrolidine 

783 mg of (2S,4S)^(4-methoxybenzylthto^ 
trobenzyloxycarbonyl)pyrroJidine [prepared as described in step (a) above] were suspended in 1 .5 ml of anisole, 
and 7.5 ml of trifluoroacetic acid and 0.24 ml of trif luoromethanesulphonic acid were added to the resulting 
suspension, whilst ice-cooling, after which the mixture was stirred at room temperature for 1.5 hours. A cycle 
consisting of removing the solvent by evaporation under reduced pressure, washing the residue with hexane 
to remove anisole, adding diethyl ether to the mixture to solidify the product and milling the product, after which 
the mixture was decanted was repeated several times to obtain a powder. The whole of this powder was mixed 
with 40 ml of ethyl acetate and with an aqueous solution of sodium hydrogencarbonate, and then the organic 
layer was separated. The organic layer was dried over anhydrous magnesium sulphate, filtered and concen- 
trated by evaporation under reduced pressure, to give 713 mg of the title compound, as a powder. 
Infrared Absorption Spectrum (KBr), crrr 1 : 

1706, 1652, 1522, 1346, 857, 739. 
Nuclear Magnetic Resonance Spectrum (270MHz, hexadeuterated dimethyl sulphoxide) 5 ppm: 

1.15- 1.25(1 H, multiplet); 

1.50- 1.80 (1H f multiplet); 
2.20 - 2.60 (2H, multiplet); 
2.60-2.90 (1H, multiplet); 
3.10- 4.10 (8H, multiplet); 
4.40- 4.65 (1H, multiplet); 
5.00 - 5.30 (2H, multiplet); 
7.45 - 7.70 (2H, multiplet); 
8.00-8.02 (1H, multiplet); 
8.10- 8.30 (2H, multiplet); 
8.50-8.62 (1H, multiplet). 

PREPARATION 29 

(2S,4S)-4-Mercapto-1-(4-nitro benzyls 

29(a) (2S,4S)-4-(4-Methoxybenzylthio)-2-I3-(1-1,^ 
bonyQpyrrolidine 

1.13 g of (2S,4S)-4-(4-methoxybenzy1thf HH^ nit robenzytoxycarbonyl)-2-pyrrolidinecarboxylic acid 
were dissolved in 11 ml of dry tetrahydrofuran, and the resulting solution was cooled t 0°C. 280 mg of trie- 
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thiamine were added t the solution, followed by 320 mg of pivaloyl chl rid , and the mixtur was stirred at 
the sam temperature for 5 minutes. At the end of this time, a mixture of 1 .36 g of 3-(1 -1 ,2,4-triazolyf)azetidine 
hydrochlorid [prepared by a procedure similar to that described In Preparation 31(a) and (b), but using 1,2,4- 
triazole], 956 mg of diisopropyfethylamine and 6 ml of dry acetonitrile was added to the mixture, after which 
5 the mixture was stirred at 0°C for 30 minutes and at room temperature for 30 minutes. The reaction mixture 
was then filtered, and the solvent was removed by evaporation under reduced pressure. The resulting residue 
was diluted with ethyl acetate, and the diluted solution was washed with an aqueous solution of sodium hy- 
drogencarbonate and with a saturated aqueous solution of sodium chloride, in that order, and dried over an- 
hydrous magnesium sulphate. The solvent was then removed by distillation under reduced pressure, and the 
10 residue was purified by silica gel column chromatography, using a 10 : 1 by volume mixture of ethyl acetate 
and methanol as the eluent, to give 670 mg of the title compound, as a powder. 
Infrared Absorption Spectrum (KBr), crrr 1 : 

1 706, 1 665, 1512,1 346, 854, 738. 
Nuclear Magnetic Resonance Spectrum (270MHz, hexadeuterated dimethyl sulphoxide) 6 ppm: 
15 1 .60 - 1 .80 (1 H, multiplet); 

2.50- 2.70 (IH.muItiplet); 

3.00 - 3.15 (1H, multiplet); 

3.15 - 3.25 (1H, multiplet); 

3.65 - 3.90 (6H, multiplet); 
20 4.05 - 4.80 (4H, multiplet); 

5.10 - 5.50 (4H, multiplet); 

6.88 (2H t doublet, J = 8.50 Hz); 

7.27 (2H f doublet, J = 8.36 Hz); 

7.59 - 7.62 (2H, multiplet); 
25 7.90 - 8.1 0 (1 H, multiplet); 

8.21 - 8.28 (2H, multiplet); 

8.57 - 8.66 (1H, multiplet). 

29(b) (2S,4S)-4-Merapto-1-(4-nitrobenzyloxycarbonyl^ 
30 dine 

658 mg of (2S,4S)-4-(4-methoxy benzyl thio)-2-[3-(1-1^ 
loxycarbonyOpyrrolidine [prepared as described in step (a) above] were suspended in 1.7 ml of anisole, and 
8.4 ml of trif luoroacetic acid and 0.27 ml of trrfluoromethanesulphonic acid were added to the resulting sus- 
35 pension, whilst ice-cooling, after which the mixture was stirred at 0°C for 30 minutes and then at room tem- 
perature for 30 minutes. At the end of this time, the solvent was removed by evaporation under reduced pres- 
sure, and the residue was washed with hexane to remove anisole. The mixture was then mixed with diethyl 
ether to wash the mixture further. The resulting compound was mixed with 100 ml of ethyl acetate and with 
30 ml of a saturated aqueous solution of sodium hydrogencarbonate, and the organic layer was separated. 
40 The organic layer was then dried over anhydrous magnesium sulphate, and the residue was filtered and con- 
centrated by evaporation under reduced pressure, to give 873 mg of the title compound, as a white powder. 
Infrared Absorption Spectrum (KBr), crrr 1 : 

1706, 1663, 1522, 1347, 854, 739. 
Nuclear Magnetic Resonance Spectrum (270MHz, hexadeuterated dimethyl sulphoxide + D z O) 5 ppm: 
45 1.70 -1.85 (IH.muItiplet); 

2.60-2.75 (1H. multiplet); 
3.05 -3.25 (IH.muItiplet); 
3.25 -3.40 (IH.muItiplet); 
3.65 - 4.90 (7H, multiplet); 
so 5.10 - 5.50 (4H, multiplet); 

7.55 - 7.70 (2H, multiplet); 
7.95- 8.15 (1H, multiplet); 
8.20 - 8.30 (2H, multiplet); 
8.55-8.70 (1H, multiplet). 

55 
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PREPARATION 30 

(2S,4S)-2-(3-Dlmethylaminoazetidin-1-ylcai^ 

5 30(a) (2S,4S)-2-(3-Dimethylaminoaze^ 
nyQpyrrolidine 

644 mg of formic acid and 750 mg of a 35% by volume aqueous formaldehyde solution were added to 1 .75 
g of (2S,4S)-2-(3-aminoazetidin-1-ylcartw^ 
10 dine [prepared as described in Preparation 22(a)], and the resulting mixture was stirred at 50°C for 5 hours. 
The mixture was then diluted with ethyl acetate, and the diluted solution was washed with an aqueous solution 
of sodium hydrogencarbonate, with water and with an aqueous solution of sodium chloride, in that order. It 
was then dried over anhydrous magnesium sulphate. The solvent was removed by distillation under reduced 
pressure, and the resulting residue was subjected to silica gel column chromatography. 1 .45 g of the title com- 
15 pound were obtained, as a colourless powder, from the fraction obtained by elution with a 45 : 45 : 1 0 by volume 
mixture of methylene chloride, ethyl acetate and methanol. 
Infrared Absorption Spectrum (KBr), Vmax cnrr 1 : 

1710, 1664, 1609, 1513, 1442, 1403, 1345, 1248, 1172. 
Nuclear Magnetic Resonance Spectrum (270MHz, CDCI 3 ) 6 ppm: 
20 1 .86 - 2.05 (1 H, muitiplet); 

2.11, 2.13 & 2.27 (together 6H, three singlets); 
2.34 - 2.52 (1 H, muitiplet); 
2.83 - 3.36 (3H, muitiplet); 
3.73 (2H, singlet); 
25 3.79 & 3.80 (together 3H, two singlets); 

3.68 - 4.51 (6H, muitiplet); 
5.05 - 5.36 (2H t muitiplet); 
6.85 (2H, doublet, J = 8.52 Hz); 
7.23 (2H, doublet, J = 8.52 Hz); 
30 7.46 & 7.50 (together 2H, two doublets, J = 8.57 Hz); 

8.23 (2H, doublet, J = 8.57 Hz) 

30(2) (2S,4S)-2-(3-Dimethylaminoazetidin-1-ylcartM^ 

35 - 1 .47 g of (2S,4S)-2-(3-dimethylaminoazetidin-1-ylcar^ -(4-nitrobenzyiox- 
ycarbony1)pyrrolidine [prepared as described in step (a) above] were dissolved in 3.02 ml of anisoie, and 10.71 
ml of trifluoroacetic acid and 0.488 ml of trif luoromethanesulphonic acid were added to the resulting solution, 
after which the mixture was stirred at the same temperature for 1 hour. The solvent was then removed by dis- 
tillation under reduced pressure, and the residue was washed by repeated decantation, in turn, with hexane 
40 and with diethyl ether. Ethyl acetate was added to the residue and the mixture was made alkaline by the ad- 
dition of a saturated aqueous solution of sodium hydrogencarbonate. The ethyl acetate layer was separated, 
washed with an aqueous solution of sodium chloride and dried over anhydrous magnesium sulphate. The s \~ 
vent was then removed by distillation under reduced pressure, to give 1 .01 g of the title compound as a powder. 
Infrared Absorption Spectrum (KBr), cnrr 1 : 
<5 1710,1645,1607,1517,1459,1432,1403,1343,1169. 
Nuclear Magnetic Resonance Spectrum (270MHz, CDCI 3 ) 5 ppm: 

1.87 - 2.05 (2H, muitiplet); 

2.11, 2.13 & 2.25 (6H ( three singlets); 

2.58 - 2.73 (1 H. muitiplet); 
so 2.82 - 3.46 (3H, muitiplet); 

3.75 - 4.54 (6H, muitiplet); 

5.05 - 5.37 (2H, muitiplet); 

7.50 (2H, doublet, J = 8.57 Hz); 

8.22 (2H. doublet, J = 8.57 Hz) 
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PREPARATION 31 

(2S,4S)-2-[3-(1-imidazolyl)azetidm 

5 31(a) 1-Benzhydryl-3-(1-imidazolyl)azetidine 

A solution of 3.20 g of imidazole in 25 ml of dimethylformamide was added to 2.10 g of a suspension of 
sodium hydride (as a 55% w/w dispersion in mineral oil) in 25 ml of dimethylformamide, whilst ice-cooling. Th 
mixture was then stirred at room temperature for 1 hour. A solution of 5.00 g of 1-benzhydryl-3-methanesul- 
10 phonyloxyazetidine in 50 ml of dimethylformamide was then added to the mixture, after which the mixture was 
stirred at 70°C for 17 hours. At the end of this time, the reaction mixture was diluted with ethyl acetate and- 
washed with water and with an aqueous solution of sodium chloride, in that order. The ethyl acetate layer was 
then dried over anhydrous magnesium sulphate and concentrated by evaporation under reduced pressure. The 
resulting residue was subjected to silica gel column chromatography to obtain 2.88 g of the title compound, as 
15 a powder, from the fraction obtained by elution with a 95 : 5 by volume mature of ethyl acetate and methanol. 
Infrared Absorption Spectrum (KBr), cnrr 1 : 

1490, 1452, 1311, 1236, 1074, 905, 755, 707. 
Nuclear Magnetic Resonance Spectrum (270MHz, CDCI 3 ) 5 ppm: 
3.23 - 3.35 (2H, multiplet); 
20 3.60 - 3.69 (2H, multiplet); 

4.43 (1H, singlet); 
4.67-4.79 (1H, multiplet); 
7.08-7.69 (13H, multiplet). 

25 

31(b) 3-(1-lmklazoly1)azetidine di hydrochloride 

3.20 g of 1-benzhydryi-3-(1-imidazolyl)azetidine [prepared as described in step (a) above] were dissolved 
in 30 ml of methanol, and 8.90 ml of a 10% w/v solution of hydrogen chloride in methanol were added to the 
30 resulting solution. 1.60 g of a 20% w/w palladium hydroxide-on-carbon catalyst were then added to the mixture, 
after which the mixture was hydrogenated at 50°C for 40 minutes in an atmosphere of hydrogen. The catalyst 
was then removed by filtration and the filtrate was concentrated by evaporation under reduced pressure. The 
resulting residue was washed with diethyl ether and dried under reduced pressure, to obtain 2.03 mg of the 
title compound, as a powder. 
35 Infrared Absorption Spectrum (KBr), cnr 1 : 

1581, 1554, 1509, 1435, 1303, 1092, 839, 637, 623. 
Nuclear Magnetic Resonance Spectrum (270MHz, hexadeuterated dimethyl sulphoxide) 5 ppm: 
4.27 - 4.35 (2H. multiplet); 
4.39 - 4.46 (2H, multiplet); 
40 5.40 - 5.50 (1 H, multiplet); 

7.48 (1H, singlet); 
8.03 (1H, singlet); 
8.85 (1H, singlet). 

46 31(c) (2S,4S)-2-[3-(1-lmidazolyl)azetidin-1^ 
nyQpyrrolidine 

3.80 g of (2^4S)^(4-methoxyber«ylthio)-1-(^ acid 
were dissolved in 40 ml of dry acetonitrile. 1 .65 g of N,N'-carbonyldiimidazole were added to the resulting sol- 

so ution, and the mixture was stirred at 40°C for 1 hour. A solution of 2.00 g of 3-(1-imidazoly1)azetidine dihydro- 
chloride [prepared as described in step (b) above] and 2.90 g of diisopropyfethytamine dissolved in a mixture 
of 30 ml of dry acetonitrile and 5 ml of methanol was then added at room temperature to the reaction mixture, 
after which the mixture was stirred at the same t mp rature f or 1 h ur. At the end of this time, th reaction 
mixture was concentrated by evaporation under reduc d pressure, and the residue was diluted with ethyl acet- 

55 ate. Th diluted solution was washed with water and with an aqueous solution of sodium chlorid , in that order. 
The ethyl acetate layer was separated, dried ver anhydrous magnesium sulphate and concentrated by evap- 
oration under reduced pressure. The resulting residue was subjected to silica gel chromatography to obtain 
4.00 g of the titf compound, as a powder, from the fraction obtained by elution with an 85 : 1 5 by volume mixture 
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of ethyl acetate and methanol. 

Infrared Absorption Spectrum (KBr), cnrr 1 : 

1706, 1667, 1609, 1512, 1442, 1403, 1346, 1245. 
Nuclear Magnetic Resonance Spectrum (270MHz, CDCI 3 ) S ppm: 
5 2.05 - 3.38 (4H, multiplet); 

3.75 (2H, singlet); 
3.79 (3H t singlet); 
. 4.12- 5.45 (9H, multiplet); 
6.84 - 8.29 (11H, multiplet). 

10 

31(d) (2S t 4S)-2-[3-(1-lmidazolyl)azetkiin-1-^ 

4.00 g of (2^4S>2-[3-(1-imidazoIyl)azetidin-1-ylc^^ 
carbonyt)pyrrolidine [prepared as described in step (c) above] were dissolved in 7.88 ml of anisole, and 27.9 
is ml of trifluoroacetic acid and 1.27 ml of trifluoromethanesulphonic acid were added to the resulting solution, 
whilst ice-cooling, after which the mixture was stirred for 1 hour under the same conditions. At the end of this 
time, the solvent was removed by distillation under reduced pressure, and the residue was washed with hexane 
and diethyl ether and dried by evaporation under reduced pressure to give the trifluoromethanesulphonate of 
the title compound as a powder. Ethyl acetate was added to the whole of this compound and then sufficient 
20 of a saturated aqueous solution of sodium hydrogencarbonate was added to make it alkaline. The ethyl acetate 
layer was separated, washed with an aqueous solution of sodium choloride and dried over anhydrous magnet 
slum sulphate, after which the the solvent was removed by evaporation under reduced pressure, to obtain 3.10 
g of the title compound as a powder. 
Infrared Absorption Spectrum (KBr), cnrr 1 : 
25 2606, 1746, 1722, 1623, 1569, 1468, 1419, 1378, 1344, 1250. 

Nuclear Magnetic Resonance Spectrum (270MHz, CDCI 3 + D 2 0) 5 ppm: 
2.01 - 3.50 (4H, multiplet); 
4.00 - 5.35 (9H, multiplet); 
7.10- 8.30 (7H, multiplet). 

30 

PREPARATION 32 

4-Nitrobenzyl (1R,5R,6S)-2^diphenylphosphoryloxy>^[(1^ 
carboxylate 

35 

3.63 g of 4-nitrobenzyl (1R,5F^6S)-6-[(1R)-1-hydroxyethylH-^^ 
were dissolved in 72 ml of dry acetonitrife, and then 2.28 ml of diphenylphosphoric acid chloride and 1.92 ml 
of diisopropyfethytamine were added dropwise to the resulting solution, whilst stirring and ice-cooling. The re- 
sulting mixture was then stirred for a further 1 hour under the same conditions, after which it was concentrated 
40 by evaporation under reduced pressure. The resulting residue was dissolved in ethyl acetate and washed twice 
with water and then with an aqueous solution of sodium chloride, after which it was dried over anhydrous so- 
dium sulphate and again concentrated by evaporation under reduced pressure. The residue was dissolved in 
10 ml of ethyl acetate, and the resulting solution was lef tto stand to precipitate crystals. The mixture was diluted 
with 500 ml of diisopropyl ether, and crystals formed were collected by filtration and dried to obtain 5.34 g of 
45 the title compound, as colourless needle-like crystals, melting at 123 - 125°C. 
Nuclear Magnetic Resonance Spectrum (270MHz, CDCI3) 6 ppm: 
1 .22 (3H, doublet, J = 7.2 Hz); 
1.33 (3H, doublet, J = 6.6 Hz); 
3.32 (1H, doublet of doublets, J = 6.6 & 2.6 Hz); 
so 3.42 - 3.56 (1 H, multiplet); 

4.20 - 4.31 (2H, multiplet); 
5.22 (1H, doublet, J = 13.8 Hz); 
5.35 (1H, doublet, J - 13.8 Hz); 
7.13- 7.40 (10H. multipl t); 
55 7.55 (1 H, doublet, J = 8.6 Hz); 

8.13 (2H, doublet. J = 8.6 Hz). 
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PREPARATION 33 

(2S t 4S)-4-Mercapto2-[1-(4-nitrobenzyloxycarfaonyi)az tidin-3-ylaminocaffaony<}-1-(4-nitrobenzytoxycart>o- 
ny1)pyrrolidine 

Following a procedure similar to that described in Preparation 22, the title compound was prepared. 
Infrared Absorption Spectrum (liquid film), cm- 1 : 

1709, 1662, 1609, 1523, 1435, 1406, 1348, 1287. 
Nuclear Magnetic Resonance Spectrum (270MHz, hexadeuterated dimethyl sulphoxide + D 2 0) 6 ppm: 

1.86-2.04 (1H, multiplet); 

2.65-2.80 (1H, multiplet); 

2.98 - 3.61 (5H, multiplet); 

3.87 - 4.53 (4H, multiplet); 

5.08 - 5.27 (4H, multiplet); 

7.51 - 7.67 (4H, multiplet); 

8.14- 8.26 (4H, multiplet). 



Claims 

1. Compounds of formula (I) and pharmaceutical^ acceptable salts and esters thereof: 




in which: 

R 1 represents a hydrogen atom or a methyl group; 

R 2 represents a hydrogen atom, a substituted or unsubstituted alkyt group having from 1 to 6 carbon atoms, 
an alkenyl group having from 2 to 6 carbon atoms, an alkynyi group having from 2 to 6 carbon atoms, or, 
provided that Q does not contain a quaternary nitrogen atom, a group of formula -C(=NH)R° ( 

where R° represents a hydrogen atom or an alkyl group having from 1 to 6 carbon atoms; 
R3 represents a hydrogen atom, a negative ion or a carboxy-protecting group; and 
Q represents a group of formula (Q-l), (Q-ll), (Q-lll), (Q-IV), (Q-V). (Q-VI), (Q-VII), (Q-VIII), (Q-IX), (Q-X) f 
(Q-XI), (Q-Xil) and (Q-XIM): 
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in which: 

R 4 represents a hydrogen atom or a substituted or unsubstituted alkyl group having from 1 to 6 carbon 
atoms; 

R 5 and R 6 are the same or different and each represents a substituted or unsubstituted alkyl group having 
from 1 to 6 carbon atoms; 
or 

R 4 and R 5 together represent a group of formula -{CH^ m -, where m is 2 or 3; 

R 7 , R 8 and R 9 are the same or different and each represents a substituted or unsubstituted alkyl group 
having from 1 to 6 carbon atoms; 

Rio represents a hydrogen atom, a carbamoyl group, or a substituted or unsubstituted alkyl group having 
from 1 to 6 carton atoms; 
or 

R 7 and R a together represent a group of formula -(CHjJp-CWVtCH^q-. where £ is 0, f , 2 or 3, g is 0, 1 , 2 
or 3, W represents an oxygen or sulfur atom and w is 0 or 1 , provided that ([> + <j + w) is an integer from 
2 to 6; 

R 7 and R 10 together represent a group of formula -(CHjJp-tW^CHj),.- , where £' is 0, 1, 2 or 3, g' is 0, 
1, 2 or 3, W represents an oxygen or sulfur atom and w* is 0 or 1 provided that (£ + £ + y/) is at least 
one; 

n isOor 1; 

Z represents a group of formula (2-I), (Z-ll), (Z-lll), (Z-IV), (Z-V), (Z-VI), (Z-VII) or (Z-Vlll): 
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(Z-vn) (z-vm) 

in which: 

R 11 and R 12 are the same or different and each represents a substituted or unsubstituted alkyl group having 
from 1 to 6 carbon atoms; and 

R 13 , R 14 and R 15 are the same or different and each represents a carbamoyl group, or a substituted or 

unsubstituted alkyl group having from 1 to 6 carbon atoms; 

m 1 is 0 or 1 and n 1 is 0, 1 or 2, provided that (m 1 + n 1 ) is greater than 0; 

R 1 * represents a substituted or unsubstituted alkyl group having from 1 to 6 carbon atoms; 

rib represents a substituted or unsubstituted alkyl group having from 1 to 6 carbon atoms; 

X represents a sulfur atom or a group of formula >NR 17 , where R 17 represents an unsubstituted alkyl group 

having from 1 to 6 carbon atoms or a substituted alkyt group which has from 1 to 6 carbon atoms and which 

is substituted by a single substituent selected from halogen atoms, carbamoyl groups and hydroxy groups; 

n 2 is 1 or 2; 

R 10 represents a substituted or unsubstituted alkyl group having from 1 to 6 carbon atoms; 
Y represents a group of formula 



-CH or -N 
i I 

R 20 , R 21 and R 22 are the same or different and each represents a hydrogen atom or an unsubstituted alkyl 
group having from 1 to 6 carbon atoms; 
or 

R 20 and R 21 or R 20 and R 22 together represent a group of formula -{CH 2 ),-(W)« r (CH 2 X- l where s is 0, 1, 2 
or 3, t is 0, 1, 2 or 3, W represents an oxygen or sulfur atom and w* is 0 or 1; 

R 23 and R 24 are the same or different and each represents a hydrogen atom, a halogen atom, a substituted 
or unsubstituted alkyt group having from 1 to 6 carbon atoms, a hydroxy group, a carboxy group, a car- 
bamoyl group, an amin group, a cyan group r a carbamoyloxy group; 
n 3 is 1,2 or 3; 

R2s represents a hydrogen atom, a substituted or unsubstituted alkyt group having from 1 to 6 carbon 
atoms, an alkenyl group having from 2 to 6 carb n atoms, or an alkynyt group having from 2 to 6 carbon 
atoms; 

R2o represents a hydrogen atom, a halogen atom, a substituted or unsubstituted alkyt group having from 



131 



EP 0 560 613 A1 



1 to 6 carbon atoms, a hydroxy group, a carboxy group, a carbamoyl group, an amino group, a cyano group 
or a carbamoytoxy group; 
n 4 is 0, 1 or 2; 
fi 2 isOor 1; 

R27 represents a hydrogen atom or an unsubstituted alkyi group having from 1 to 6 carbon atoms; 
R 28 and R 29 are the same or different and each represents a hydrogen atom or a substituted or unsubsti- 
tuted alkyi group having from 1 to 6 carbon atoms; 
p_ 3 is 1 or 2; 

R30 represents a hydrogen atom, a substituted or unsubstituted alkyi group having from 1 to 6 carbon 
atoms, an alkenyl group having from 2 to 6 carbon atoms, an alkynyl group having from 2 to 6 carbon atoms, 
or a group of formula -C(=NH)R M , 

where R 33 represents a hydrogen atom, a substituted or unsubstituted alkyi group having from 1 to 
6 carbon atoms, a cycloalkyt group having from 3 to 6 ring carbon atoms or a cydoaikyl alkyi group in which 
the cycioalkyi part has from 3 to 6 ring carbon atoms and the alkyi part has from 1 to 6 carbon atoms; 
R3i represents a hydrogen atom, a substituted or unsubstituted alkyi group having from 1 to 6 carbon 
atoms, an alkenyl group having from 2 to 6 carbon atoms, or an alkynyl group having from 2 to 6 carbon 
atoms; 

R32 represents a hydrogen atom, a halogen atom, a substituted or unsubstituted alkyi group having from 
1 to 6 carbon atoms, a hydroxy group, a carboxy group, a carbamoyl group, an amino group, a cyano group 
or a carbamoyloxy group; 

R34 represents a hydrogen atom or an unsubstituted alkyi group having from 1 to 6 carbon atoms; 
R35 represents a hydrogen atom, a substituted or unsubstituted alkyi group having from 1 to 6 carbon 
atoms, an alkenyl group having from 2 to 6 carbon atoms, an alkynyl group having from 2 to 6 carbon atoms, 
or a group of formula -C(=NH)R» where R 33 is as defined above; and 
U represents an imidazolyl group, a triazolyi group or a tetrazotyl group. 

A compound according to Claim 1 , in which: 

R 1 represents a hydrogen atom or a methyl group; 

R 2 represents a hydrogen atom, an unsubstituted alkyi group having from 1 to 3 carbon atoms, a substi- 
tuted alkyi group which has from 1 to 3 carbon atoms and which is substituted by at least one of substituents 
A 1 , defined below, an alkenyl group having 3 or 4 carbon atoms, an alkynyl group having 3 or 4 carbon 
atoms, or, provided that Q does not contain a quaternary nitrogen atom, a group of formula -C(=NH)R°, 

where R° represents a hydrogen atom or an alkyi group having from 1 to 3 carbon atoms; 
R3 represents a hydrogen atom or a negative ion; and 

Q represents a group of formula (Q-l), (Q-ll), (Q-lll), (Q-IV), (Q-V), (Q-VI), (Q-VII), (Q-VIII), (Q-IX). (Q-X) t 
(Q-XI), (Q-XII) and (Q-XIII), defined in Claim 1. in which: 

R 4 represents a hydrogen atom, an unsubstituted alkyi group having from 1 to 3 carbon atoms, or a sub- 
stituted alkyi group which has from 1 to 3 carbon atoms and which is substituted by at least one of sub- 
stituents B\ defined below; 

R s and R* are the same or different and each represents an unsubstituted alkyi group having from 1 to 3 
carbon atoms, or a substituted alkyi group which has from 1 to 3 carbon atoms and which is substituted 
by at least one of substituents B 1 , defined below; 
or 

R 4 and R* together represent a group of formula -(CHJm-, where m is 2 or 3; 

R 7 , R 8 and R° are the same or different and each represents an unsubstituted alkyi group having from 1 
to 3 carbon atoms, or a substituted alkyi group which has from 1 to 3 carbon atoms and which is substituted 
by at least one of substituents B\ defined below; 

Rio represents a hydrogen atom, a carbamoyl group, an unsubstituted alkyi group having from 1 to 3 car- 
bon atoms, or a substituted alkyi group which has from 1 to 3 carbon atoms and which is substituted by 
at least one of substituents B 1 , defined below; 
or 

R 7 and R« together represent a group of formula -{CH 2 ) p -{WX ir (CH 2 ) <l . , where 2 ia A 1 . 2 or 3, g is 0, 1 . 2 
or 3, W represents an oxygen or sulfur atom and w is 0 or 1 , provided that (g + g + w) is an integer from 
2t 6; 

r 

R 7 and R 10 together represent a group of formula -(CH 2 ) p ~(VvV-(CH2)< r . , wher £ is 0 f 1, 2 or 3, g' is 0, 
1, 2 or 3, W represents an oxyg n r sulfur atom and w* is 0 or 1 ; 
n is 0 or 1; 
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Zr presents a group of formula (Z-l), (Z-II), (Z-l II), (Z-IV), (Z-V). (Z-Vl), (Z-VII) or (Z-V1II), defin d in 
Claim 1, in which: 

R 11 and R 12 are the same or different and each represents an unsubstituted alkyf group having from 

1 to 3 carbon atoms, or a substituted alkyi group which has from 1 to 3 carbon atoms and which is sub- 
5. stituted by at least one of substituents B\ defined below; and 

R 13 , R 14 and R 15 are the same or different and each represents a carbamoyl group, an unsubstituted alkyi 

group having from 1 to 3 carbon atoms, or a substituted alky! group which has from 1 to 3 carbon atoms 

and which is substituted by at least one of substituents B 1 , defined below; 

m 1 is 0 or 1 and n 1 is 0, 1 or 2, provided that (m 1 + n 1 ) is greater than 0; 
10 R 1 * represents an unsubstituted aikyl group having from 1 to 3 carbon atoms, or a substituted alkyi group 

which has from 1 to 3 carbon atoms and which is substituted by at least one of substituents B 1 , defined 

below; 

R 18 represents an unsubstituted alkyi group having from 1 to 3 carbon atoms, or a substituted aikyl group 
which has from 1 to 3 carbon atoms and which is substituted by at least one of substituents B\ defined 
15 below; 

X represents a sulfur atom or a group of formula >NR 17 , where R 17 represents an unsubstituted alkyi group 
having from 1 to 3 carbon atoms or a substituted alkyi group which has from 1 to 3 carbon atoms and which 
is substituted by at least one substituent selected from carbamoyl groups and hydroxy groups; 
n 2 is 1 or 2; 

20 R 19 represents an unsubstituted alkyi group having from 1 to 3 carbon atoms or a substituted aikyl group 

which has from 1 to 3 carbon atoms and which is substituted by at least one carbamoyl and/or hydroxy- 
substituent; 

Y represents a group of formula 

25 

I I 
-CH or -N 

I I 

.30 R 20 , R 21 and R 22 are the same or different and each represents a hydrogen atom or an unsubstituted alkyi 

group having from 1 to 3 carbon atoms; 
or 

R 20 and R 21 or R 20 and R 22 together represent a group of formula -(CH^-CWX^CHzX-, where s is 1 or 2, 
t is 1 or 2, W represents an oxygen or sulfur atom and w* is 0 or 1 , provided that (s + w; ♦ t) is 2, 3 or 4; 
35 R 23 and R 24 are the same or different and each represents a hydrogen atom, a halogen atom, an unsub- 

stituted alkyt group having from 1 to 3 carbon atoms, a substituted alkyi group which has from 1 to 3 carbon 
atoms and which is substituted by at least one of substituents C 1 defined below, a hydroxy group, a carboxy 
group, a carbamoyl group, an amino group, a cyano group or a carbamoyl oxy group; 
n 3 is 1,2 or 3; 

40 R 25 represents a hydrogen atom, an unsubstituted alkyi group having from 1 to 3 carbon atoms, a substi- 

tuted alkyi group which has from 1 to 3 carbon atoms and which is substituted by at least one of substituents 
C 1 , defined below, an alkenyl group having 3 or 4 carbon atoms, or an alkynyi group having 3 or 4 carbon 
atoms; 

R 2 * represents a hydrogen atom, a halogen atom, an unsubstituted alkyi group having from 1 to 3 carbon 
46 atoms, a substituted alkyi group which has from 1 to 3 carbon atoms and which is substituted by at least 

one of substituents C\ defined below, a hydroxy group, a carboxy group, a carbamoyl group, an amino 
group, a cyano group or a carbamoyloxy group; 
n 4 is 0, 1 or 2; 
j> 2 is 0 or 1; 

50 R 27 represents a hydrogen atom or an unsubstituted alkyt group having from 1 to 3 carbon atoms; 

R 2 * and R 29 are the same or different and each represents a hydrogen atom, an unsubstituted alkyi group 
having from 1 to 3 carbon atoms, or a substituted aikyl group which has from 1 to 3 carbon atoms and 
which is substituted by at least one of substituents C\ defined below; 
j) 3 is 1 or 2; 

55 R3o represents a hydrogen atom, an unsubstituted alkyi group having from 1 to 3 carbon atoms, a substi- 

tuted alkyt group which has from 1 to 3 carbon atoms and which is substituted by at least ne of substituents 
D\ defined below, an alkenyl group having 3 or 4 carbon atoms, an alkynyi group having 3 or 4 carbon 
atoms, or a group of formula -C(=NH)R M , 
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where R 33 represents a hydrogen atom, an unsubstituted alkyi group having from 1 to 3 carbon 
atoms, a substituted alkyi group which has from 1 to 3 carbon atoms and which is substituted by at least 
one substituent selected from halogen atoms and alkoxy groups having from 1 to 3 carbon atoms, a cy- 
cloalkyf group having from 3 1 6 ring carbon atoms or a cycl alkytaJkyf group in which the cycl alkyi part 
has from 3 to 6 ring carbon atoms and the alkyi part has 1 or 2 carbon atoms; 

R3i represents a hydrogen atom, an unsubstituted alkyi group having from 1 to 3 carbon atoms, a substi- 
tuted alkyi group which has from 1 to 3 carbon atoms and which is substituted by at least one of substituents 
F 1 , defined below, an alkenyi group having 3 or 4 carbon atoms, or an alkynyl group having 3 or 4 carbon 
atoms; 

R» represents a hydrogen atom, a halogen atom or an unsubstituted alkyi group having from 1 to 3 carbon 
atoms; 

R34 represents a hydrogen atom or an unsubstituted aikyl group having from 1 to 3 carbon atoms; 
R36 represents a hydrogen atom, an unsubstituted alkyi group having from 1 to 3 carbon atoms, a substi- 
tuted alkyi group which has from 1 to 3 carbon atoms and which is substituted by at least one of substituents 
G\ defined below, an alkenyi group having 3 or 4 carbon atoms, an alkynyl group having 3 or 4 carbon 
atoms, or a group of formula -C(=NH)R 33 t where R 33 is as defined above; and 
U represents an imidazolyf group, a triazolyl group or a tetrazolyt group; 

substituents A 1 are selected from hydroxy groups, carboxy groups, carbamoyl groups, carbamoyloxy 
groups, cyano groups, halogen atoms and amino groups; 

substituents B 1 are selected from cyano groups, hydroxy groups, carboxy groups, halogen atoms, alkoxy 
groups having from 1 to 3 carbon atoms, alkyithio groups having from 1 to 3 carbon atoms, alkylsulfinyl , 
groups having from 1 to 3 carbon atoms, alkylsutfonyl groups having from 1 to 3 carbon atoms, alkanoy- 
lamino groups having from 1 to 5 carbon atoms, alkanoyloxy groups having from 1 to 5 carbon atoms, 
alkanoyi groups having from 1 to 5 carbon atoms, aikoxycarbonyi groups having from 2 to 5 carbon atoms, 
ureido groups, carbamoyl groups, alkylcarbamoyl groups having from 2 to 5 carbon atoms, dialkyl carba- 
moyl groups in which each alkyi part has from 1 to 3 carbon atoms, carbamoyloxy groups, alkyi carbamoy- 
loxy groups having from 2 to 5 carbon atoms, dialkyicarbamoytoxy groups in which each alkyi part has 
from 1 to 4 carbon atoms, amino groups, alkyiamino groups having from 1 to 4 carbon atoms, dialkyiamino 
groups in which each alkyi part has from 1 to 4 carbon atoms, oxygen atoms and cydoaJkyl groups having 
from 3 to 6 ring carbon atoms; 

substituents C 1 are selected from hydroxy groups, carboxy groups, carbamoyl groups, halogen atoms and 
amino groups; 

substituents D 1 are selected from hydroxy groups, carboxy groups, carbamoyl groups, carbamoyloxy 
groups, cyano groups, ureido groups, alkoxy groups having from 1 to 3 carbon atoms, aikoxycarbonyi 
groups having from 2 to 5 carbon atoms, alkanoyi groups having from 1 to 5 carbon atoms, alkanoyfamin 
groups having from 1 to 5 carbon atoms, alkanoyloxy groups having from 1 to 5 carbon atoms, halogen 
atoms, amino groups, alkyiamino groups having from 1 to 3 carbon atoms, dialkyiamino groups in which 
each alkyi part has from 1 to 3 carbon atoms, alkyicarbamoyl groups having from 2 to 5 carbon atoms, 
diaikyl carbamoyl groups in which each alkyi part has from 1 to 3 carbon atoms, alkyi carbamoyloxy groups 
having from 2 to 5 carbon atoms and dialkylcarbamoyloxy groups In which each alkyi part has from 1 to 
3 carbon atoms; 

substituents F 1 are selected from hydroxy groups, carboxy groups, carbamoyl groups, halogen atoms, al- 
koxy groups having from 1 to 3 carbon atoms and amino groups; and 

substituents G 1 are selected from hydroxy groups, carboxy groups, carbamoyl groups, carbamoyloxy 
groups, halogen atoms, alkoxy groups having from 1 to 3 carbon atoms and amino groups. 

A compound according to Claim 1, in which: 

R 1 represents a hydrogen atom or a methyl group; 

R 2 represents a hydrogen atom, an unsubstituted alkyi group having from 1 to 3 carbon atoms, a substi- 
tuted alkyi group which has from 1 to 3 carbon atoms and which is substituted by at least one of substituents 
A 2 , defined below, or, provided that Q does not contain a quaternary nitrogen atom, a group of formula 
-C(=NH)R°, 

where R° represents a hydrogen atom or an aikyl group having from 1 to 3 carbon atoms; 
R 3 represents a hydrogen atom or a negative i n; and 

Q represents a group of formula (Q-l), (Q-ll), (Q.|||), (Q-IV), (Q-V), (Q-VI). (Q-VII), (Q-VIII), (Q-IX), (Q-X). 
(Q-XI), (Q-XII) and (Q-XJII), defined in Claim 1, in which: 

R 4 represents a hydrogen atom, an unsubstituted aikyl group having from 1 to 3 carbon atoms, or a sub- 
stituted aikyl group which has from 1 to 3 carbon atoms and which is substituted by at least ne of sub- 
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stituents B 2 , defined below; 

R 6 and R 6 are th same or different and each represents an unsubstituted alkyt group having from 1 to 3 
carbon atoms, or a substituted alkyl group which has from 1 to 3 carbon atoms and which is substituted 
by at least one of substituents B 2 defined below; 
or 

R 4 and R s together represent a group of formula -{CH£ m ; where m is 2 or 3; 

R 7 , R 8 and R 9 are the same or different and each represents an unsubstituted alkyl group having from 1 
to 3 carbon atoms, or a substituted aikyf group which has from 1 to 3 carbon atoms and which is substituted 
by at least one of substituents B 2 , defined below; 

R 10 represents a hydrogen atom, a carbamoyl group, an unsubstituted alkyl group having from 1 to 3 car- 
bon atoms, or a substituted alkyt group which has from 1 to 3 carbon atoms and which is substituted by 
at least one substituent selected from hydroxy groups, amino groups and halogen atoms; 
or 

R 7 and R 8 together represent a group of formula ^CH^p-CVvVfCHj),-, where £ is 1 or 2. g is 1, 2 or 3. W 
represents an oxygen or sulfur atom and w is 0 or 1 , provided that (£ + § + w) is an integer from 4 to 6; 
or 

R 7 and R 10 together represent a group of formula -(CH 2 ) P -, where g' is 1, 2 or 3; 
nisOoM; 

Z represents a group of formula (Z-l), (Z-ll). (Z-lll), (Z-IV). (Z-V). (Z-VI), (Z-VII) or (Z-VIII), defined above, 
in which: 

R 11 and R 12 are the same or different and each represents an unsubstituted alkyl group having - 
from 1 to 3 carbon atoms, or a substituted alkyl group which has from 1 to 3 carbon atoms and which is 
substituted by at least one of substituents B 2 , defined below; and 

R 13 , R 14 and R 1S are the same or different and each represents a carbamoyl group, an unsubstituted 
alkyl group having from 1 to 3 carbon atoms, or a substituted alkyl group which has from 1 to 3 carbon 
atoms and which is substituted by at least one of substituents B 2 , defined below; 
m 1 is 0 or 1 and n 1 is 0, 1 or 2, provided that (m 1 + n') is an integer from 1 to 3; 

R 16 represents an unsubstituted alkyl group having from 1 to 3 carbon atoms, or a substituted alkyl group 
which has from 1 to 3 carbon atoms and which is substituted by at least one of substituents B 2 defined 
below; 

R 18 represents an unsubstituted alkyl group having from 1 to 3 carbon atoms, or a substituted alkyl group 
which has from 1 to 3 carbon atoms and which is substituted by at least one of substituents B 2 defined 
below; 

X represents a sulfur atom or a group of formula >NR 17 , where R 17 represents an unsubstituted alkyl group 
having from 1 to 3 carbon atoms or a substituted alkyl group which has from 1 to 3 carbon atoms and which 
is substituted by at least one substituent selected from carbamoyl groups and hydroxy groups; 
n 2 is 1 or 2; 

ri« represents an unsubstituted alkyl group having from 1 to 3 carbon atoms or a substituted alkyl group 
which has from 1 to 3 carbon atoms and which is substituted by at least one substituent selected from 
carbamoyl groups and hydroxy groups; 
Y represents a group of formula 



I I 
-CH or -N 

I I 

R 20 , R 21 and R 22 are the same or different and each represents a hydrogen atom or an unsubstituted alkyl 
group having from 1 to 3 carbon atoms; 
or 

R2 ° and R21 or R 20 and R 22 together represent a group of formula -(CH^-tWX^CHjX-. where s is 1 or 2, 
t is 1 or 2, W represents an oxygen or sulfur atom and w* is 0 or 1, provided that (s ♦ w; ♦ t) is 2, 3 or 4; 
R 23 and R 24 are the same or different and ach represents a hydrogen atom, a halogen atom, a hydroxy 
group, a carbamoyl group, a carboxy group, an unsubstituted alkyl group having from 1 to 3 carbon atoms 
or a substituted alkyl group which has from 1 to 3 carbon atoms and which is substituted by at least on 
substituent s lected from hydroxy groups, amino groups and carbamoyl groups; 
n 3 is 1,2 or 3; 

R 25 represents a hydrogen atom or a methyl group; 
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R26 represents a hydrogen atom; 
n 4 is 0, 1 or 2; 
£ 2 is0 r1; 

R27 represents a hydrogen atom or a methyl group; 
5 R 28 and R 29 are the same or different and each represents a hydrogen atom or a methyl group; 

£ 3 is 1 or 2; 

Rao represents a hydrogen atom, an unsubstituted alkyl group having from 1 to 3 carbon atoms, a substi- 
tuted alkyl group which has from 1 to 3 carbon atoms and which is substituted by at least one of substituents 
D 2 defined below, an alkenyt group having 3 carbon atoms, an aikynyl group having 3 carbon atoms, or 
10 a group of formula -C<=NH)R 33 , 

where R 33 represents a hydrogen atom, a methyl group, a substituted alkyl group which has 1 or 

2 carbon atoms and which is substituted by at least one halogen and/or methoxy substituent, a cydopropyf 
group or a cydopropytmethyl group; 

R31 represents a hydrogen atom or an unsubstituted alkyl group having from 1 to 3 carbon atoms; 
is R» represents a hydrogen atom; 

R 34 represents a hydrogen atom or a methyl group; 

R 38 represents a hydrogen atom, an unsubstituted alkyl group having from 1 to 3 carbon atoms, a substi- 
tuted alkyl group which has from 1 to 3 carbon atoms and which is substituted by at least one of substituents 
G 2 , defined below, or a group of formula -C(=NH)R» where R 33 is as defined above; and 
20 U represents an imidazolyl group, a triazolyf group or a tetrazolyl group; 

substituents A 2 are selected from hydroxy groups, carboxy groups, carbamoyl groups, carbamoyloxy- 
groups, halogen atoms and amino groups; 

substituents B 2 are selected from cyano groups, hydroxy groups, carboxy groups, halogen atoms, alkoxy 
groups having from 1 to 3 carbon atoms, aikanoylamino groups having from 1 to 5 carbon atoms, alka- 
25 noyioxy groups having from 1 to 5 carbon atoms, alkanoyi groups having from 1 to 5 carbon atoms, al- 

koxycarbonyl groups having from 2 to 5 carbon atoms, ureido groups, carbamoyl groups, aikylcarbamoyi 
groups having from 2 to 5 carbon atoms, diaikylcarbamoyl groups in which each alkyl part has from 1 to 

3 carbon atoms, carbamoytoxy groups, alkylcarbamoyioxy groups having from 2 to 5 carbon atoms, dia- 
Ikylcarbamoytoxy groups in which each alkyl part has from 1 to 4 carbon atoms, amino groups, alkyiamino 

30 groups having from 1 to 4 carbon atoms, dialkylamino groups in which each alkyl part has from 1 to 4 car- 

bon atoms and cycloalkyl groups having from 3 to 6 ring carbon atoms; 

substituents D 2 are selected from hydroxy groups, carboxy groups, carbamoyl groups, carbamoyloxy 
groups, halogen atoms, amino groups, alkyiamino groups having from 1 to 3 carbon atoms and dialkyla- 
mino groups in which each alkyl part has from 1 to 3 carbon atoms; 
35 substituents G 2 are selected from hydroxy groups, carboxy groups, carbamoyl groups, carbamoyloxy 

groups, halogen atoms, methoxy groups and amino groups. 

4. A compound according to Claim 1, in which Q represents a group of formula (Q-l), (Q-ll), (Q-lll), (Q-VII) 
(Q-VM)or(Q-XI). 

40 

5. A compound according to Claim 1, in which Q represents a group of formula (Q-ll), (Q-lll), (Q-VII) or (Q- 



6. A compound according to Claim 1, in which R* represents a methyl group. 

45 7. A compound according to Claim 1, in which Q represents a group of formula (Q-ll), (Q-lll), (Q-VII) or (Q- 
XI), and R 1 represents a methyl group. 

8. A compound according to Claim 2, in which Q represents a group of formula (Q-ll), (Q-lll), (Q-VII) or (Q- 
XI), and R 1 represents a methyl group. 

50 

9. A compound according to Claim 3, in which Q represents a group of formula (Q-ll), (Q-HI), (Q-VII) or (Q- 
XI), and R 1 represents a methyl group. 

10. 6-(1-Hydraxyethy1)-1-methy«^ 

55 en-2-enrv3-carb xylat and pharmaceutical^ acceptable salts thereof. 

11. 2-{2-fHCait>amoyimethyM^ }-6-(1-hydroxyethyi)- 
1-methyM-carbapen-2-em-3-carboxylate and pharmaceutical^ acceptabl salts thereof. 
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12. 242K3^(2-Hydraxyethyl)diTO^ 

1 -methyM-carbapen-2-em-3-carboxylate and pharmaceuticaily acceptable salts thereof. 

13. 242^3-{£H2-RuorT>ethyt^ J-6-(1-hydrax- 
yethyt)-1-methyl-1-carbapen-2-em-3-carboxytate and pharmaceuticaily acceptable salts thereof. 

14. 6-<1-Hydroxyethyl)-1-methyf-2^ 1-car- 
bapen-2-em-3-carboxytate and pharmaceuticaily acceptable salts thereof. 

15. 2-[2-(4-Amttinopiperazin-1-ylMtf^ 

3-carboxylic acid and pharmaceuticaily acceptable salts thereof. 

16. 2-P^4-AmWirK>piperaan-1^ 

en-2-em-3-carboxylic acid and pharmaceuticaily acceptable salts thereof. 

17. 242-(4-Amidinohonrx>piperazi^ 

2-em-3-carboxyiic add and pharmaceuticaily acceptable salts thereof. 

18. 2^2-(4-Amkiinohomopipefa^ 

carbapen-2-em-3-carboxylic acid and pharmaceuticaily acceptable salts thereof. 

19. 2-{2-<3-AminoaxetkJirv1-^ 

carboxylic acid and pharmaceuticaily acceptable salts thereof. 

20. 2^3-Acetimidoylaminoa^ 

en-2-em- 3-carboxylic acid and pharmaceuticaily acceptable salts thereof. 

21. 2^-<3-Forrrrtmkioylaminoaz^ 

en-2-em-3-carboxytic acid and pharmaceuticaily acceptable salts thereof. 

22. 2-[2^3-AmirK>azetkJirM-y^^ 

2-em- 3-carboxylic acid and pharmaceuticaily acceptable salts thereof. 

23. 6-(1-HydroxyethylHHnethyl-2^ 
io}-1-carbapen-2-em-3-carboxylate and pharmaceuticaily acceptable salts thereof. 

24. 6^1-Hydroxyethyl)-1wnethy^^^ 

1-carbapen-2-em-3-carboxylate and pharmaceuticaily acceptable salts thereof. 

25. 6^1-Hydroxyethy!)-lHrnethy^ 

en-2-em-3-carboxyflate and pharmaceuticaily acceptable salts thereof. 

26. 6^1-HydroxyethylM-methyl-2^2W 
carbapen-2-em-3-carboxy1ate and pharmaceuticaily acceptable salts thereof. 

27. A pharmaceutical composition comprising a pharmaceuticaily acceptable carrier, diluent or adjuvant in 
admixture with an effective amount of an antibiotic, in which the antibiotic is at least one compound of 
formula (I) or a pharmaceuticaily acceptable salt or ester thereof, as claimed in any one of Claims 1 to 
26. 

28. The use of a compound of formula (I) or a pharmaceuticaily acceptable salt or ester thereof, as claimed 
in any one of Claims 1 to 26, as a pharmaceutical. 

29. The use of a compound of formula (I) or a pharmaceuticaily acceptable salt or ester thereof, as claimed 
in any one of Claims 1 to 26, for the manufacture of a medicament for the treatment or prevention of mi- 
crobial infections. 

30. A process for preparing a compound of formula (I) or a pharmaceuticaily acceptabl salt or est r thereof, 
as claimed in any one of Claims 1 to 26, which comprises the steps: 

reacting a carbapenem compound of formula (II): 
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(in which Ri is as defined in Claim 1, R»- represents a sulfonyloxy or phosphoryloxy group or a group of 
formula -S(0)R*-i, R" represents an aikyi group, a haloalkyl group, an alkanoylaminoalkyl group, an al- 
kenoylaminoalkyl group, an aryl group or an aromatic heterocyclic group, and R*> represents a carboxy- 
protecting group) with a pyrrolidine derivative of formula (III): 




(in which R*p represents any of the groups or atoms represented by R* or any such group or atom which 
has been protected, and Qp represents any of the groups or atoms represented by Q or any such group 
or atom which has been protected or any such group in which a quaternary nitrogen atom is replaced by 
a corresponding tertiary nitrogen atom, and, where the group Qp contains a quaternary nitrogen atom, 
the compound is accompanied by a balancing anion), 

and, if necessary, converting any non-quaternized nitrogen atom to the corresponding quaternary nitro- 
gen in the group of formula (Q-l), (Q-ll), (Q-lV), (Q-V) or (Q-VI) or in the group represented by Z, 
and, if necessary, removing any protecting groups, 
and optionally salifying and/or esterifying the product 
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